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PART  I 

INTRODUCTION 

1-01.  Location  and  Description  of  Project.  This  project,  "San  Antonio 
River  and  San  Pedro  Creek  Tunnels,  Phase  II -Tunnels  and  Shafts,"  is  part 
of  the  broader  San  Antonio  Channel  Improvement  Project.  The  latter  is  a 
flood  control  project  for  the  upper  San  Antonio  River  and  four 
tributaries  -  -  Martinez,  Alazan,  Apache,  and  San  Pedro  Creeks.  The 
subject  of  this  report  is  a  tunnel  and  shafts  constructed  to  control 
flooding  on  the  San  Antonio  River.  The  San  Pedro  Creek  Tunnel  was  the 
subject  of  a  previous  report.  San  Antonio  River  Tunnel  is  the  longer  of 
the  two  inverted  siphon  tunnels  which  have  been  designed  to  prevent 
flooding  in  downtown  San  Antonio,  Texas.  Both  tunnels  are  of  the  same 
design  and  same  general  dimensions,  and  have  been  excavated  by  the  same 
tunnel  boring  machine  (TBM) .  Each  tunnel  will  divert  floodwater  from 
its  respective  drainage  into  an  inlet  shaft  located  upstream  from  the 
city,  and  transfer  the  water  beneath  the  city  Co  an  outlet  shaft 
downstream.  San  Pedro  Creek  Tunnel  extends  5,985  feet  from  the  center 
of  the  inlet  shaft  to  the  center  of  the  outlet  shaft.  The  San  Antonio 
River  Tunnel  extends  1,625  feet  between  the  centers  of  its  inlet  and 
outlet  shafts. 

The  subject  tunnel  follows  the  southerly  course  of  the  San  Antonio 
River  between  McAllister  Freeway  (Hwy  281)  on  the  north  and  Lone  Star 
Boulevard  on  the  south.  The  tunnel  slopes  downstream  at  a  gradient  of 
.002  from  an  invert  depth  of  149  feet  (elev  509)  at  the  inlet  to  150 
feet  (elev.  473)  at  the  outlet.  The  lining  is  12-inch  thick  precast 
concrete  which  gives  an  inside  tunnel  diameter  of  24  feet  4  inches. 

There  are  nine  permanent  shafts  along  the  San  Antonio  River 
Tunnel.  The  inlet  shaft  lies  between  Highway  281  on  the  north  and 
Josephine  Street  on  Che  south.  It  has  a  cast- in-place  concrete  liner 
with  an  I.D.  of  24  feet  4  inches.  An  18-foot  I.D.  cast-in-place 
concrete  maintenance  shaft  was  constructed  at  two  sites;  one  on  Water 
Street  just  east  of  South  Alamo,  and  another  just  north  of  Brooklyn 
Avenue.  Three,  4-foot  I.D.  steel  pipe  ventilation  shafts  are  located, 
respectively,  to  the  north  of  the  St  Mary's  and  Pereida  Street 
Intersection,  on  Broadway  between  Third  and  Fourth  Street,  and  on  Camden 
Street,  just  north  of  1-35.  Two  12-inch  I.D.  steel  pipe  shafts  are 
located,  respectively,  within  31  feet  and  85  feet  of  the  inlet  shaft  and 
the  outlet  shaft;  these  shafts  facilitate  hydraulic  instrumentation 
measurements  once  the  tunnel  is  in  operation.  The  outlet  shaft  is 
located  about  148  feet  north  of  Lone  Star  Boulevard,  just  northeast  of 
the  Lone  Star  Brewery,  and  it  is  lined  with  cast  -  in-place  concrete  to  an 
I.D.  of  35  feet. 

1-02.  Construction  Authority.  Construction  of  the  San  Antonio  Channel 
Improvement  Project  was  authorized  in  the  Flood  Control  Act  of  1954 
which  was  approved  on  3  September  1954  (Public  Law  780,  83rd  Congress, 
2nd  Session) . 
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L-03.  Purpose  of  Report.  The  objective  of  this  report  is  to  describe 
the  foundation  conditions  encountered  during  the  construction  of  the 
subject  tunnel  and  shafts.  It  is  also  intended  to  be  a  consolidated 
record  of  the  foundation  related  construction  operations  and  an 
information  source  for  future  reference.  The  report  is  to  be  a  part  of 
the  permanent  project  engineering  and  construction  record,  and  will 
provide  background  knowledge  for  evaluation  of  any  future  structural 
problems  or  further  foundation  studies.  To  enhance  these  stated 
objectives,  a  video  foundation  report  is  provided  as  an  addendum  to  the 
text.  The  video  presents  a  narrative  by  the  construction  geologist  and 
actual  taped  footage  of  the  ground  behavior  during  the  tunneling 
excavation. 

1-04.  Contractor  and  Con’  ract  Supervision.  Ohbayashi  Corporation  of 
Tokyo,  Japan  and  San  Francisco,  California,  was  awarded  construction  of 
the  "San  Antonio  River  and  San  Pedro  Creek  Tunnels,  Phase  II -Tunnels  and 
Shafts"  under  Contract  No.  DACW63-87-C-0109  on  23  September  1987,  The 
contract  amount  was  $47,750,000.40.  The  "Notice  to  Proceed"  was  issued 
on  30  October  1987,  and  the  contractor  acknowledged  receipt  on 
3  November  1987. 

Subcontractors  to  Ohbayashi  on  the  San  Antonio  River  included 
Boretec,  Inc.,  of  Solon,  Ohio,  who  selected  and  modified  a  used  TBM  for 
the  job;  Sehulster  Company,  Inc.,  of  Milwaukee,  Wisconsin,  who 
manufactured  the  precast  concrete  liner  segments  at  a  plant  established 
in  San  Antonio;  Woodward-Clyde  Consultants  of  Houston,  Texas,  who  were 
responsible  for  the  specified  geotechnical  instrumentation  program;  Cato 
Electric  and  Drilling  of  San  Antonio  who  constructed  the  concrete 
soldier  piers  for  the  various  shafts;  Beck  Foundation  Company  of  San 
Antonio  who  drilled  the  maintenance,  vent,  top  heading  access,  and 
hydraulic  instrumentation  shafts;  and  Ruiz-Noyes  Construction  of  San 
Antonio  who  contracted  the  muck  hauling. 

Quality  control  was  provided  by  the  principal  contractor, 

Ohbayashi  Corporation.  The  contractor  was  required  to  establish  and 
maintain  an  effective  quality  control  system  consisting  of  plans, 
procedures,  and  organization  to  ensure  the  contract  requirements  in 
materials,  equipment,  workmanship,  fabrication,  and  construction 
operations.  A  quality  control  system  manager  (Mr.  Lindy  White)  from 
within  the  contractor's  organization  was  required  to  be  at  the  work  site 
with  responsibility  for  regulating  all  quality  control  matters.  A  fully 
qualified  staff  was  required  under  the  system  manager  with  necessary 
experience  and  technical  training  to  perform  all  quality  control 
activities.  Records  and  tests  of  the  contractor's  quality  control 
throughout  >.he  construction  operations  were  furnished  to  the  Government 
as  directed  by  the  Contracting  Officer.  The  entire  work  was  subject  to 
inspection  and  testing  by  the  Government  as  quality  assurance  prior  to 
acceptance . 

Ohbayashi  Corporation's  contract  supervision  was  provided  by 
Messrs.  Akio  Watatani  and  Kaname  Tonoda,  General  Managers  in  the  San 
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Francisco  Office,  Mr,  Carl  Linden,  on-site  Project  Sponsor,  and  Mr.  Paul 
Zick,  on-site  Project  Manager. 

The  Government  contract  administration  and  quality  assurance  were 
provided  under  Colonels  William  D.  Brown,  and  John  A,  .Mills,  the 
Contracting  Officers.  Chief  of  Construction  Division  was  Mr.  Shiegeru 
Fujiwara,  followed  by  Mr,  Chet  Taylor  in  1991.  Mr.  Keith  M.  Allen  was 
Resident  Engineer  and  Authorized  Representative  of  the  Contracting 
Officers.  This  report  was  prepared  by  the  Resident  Geologist,  Mr.  Roy 
Crutchfield. 

Consultation  and  support  in  preparation  of  the  report  was  provided 
by  the  Fort  Worth  District,  Geotechnical  Branch,  Engineering  Division. 
Mr.  Melvin  G.  Green  was  Chief,  Geotechnical  Branch,  Mr.  Robert  C.  Behm 
was  Chief  of  Engineering  Geology  Section,  and  Mr.  Harlan  E.  Karbs  was 
Chief  of  Soils  Design  and  Dam  Safety  Section. 

1-05.  Disputes  Review  Board.  The  Disputes  Review  Board  was  an  advisory 
body  created  by  mutual  agreement  between  the  Goverriment  and  Ohbayashi 
Corporation  to  assist  in  the  resolution  of  disputes  or  claims  arising 
out  of  the  project.  The  process  was  a  voluntary,  expedited  and  non¬ 
judicial,  non-binding  mediation  procedure  whereby  an  independent  three- 
party  Board  was  presented  with  Government-Contractor  disputes  for  expert 
evaluation,  recommendations,  and  possible  resolution. 

The  Board  consisted  of  one  member  selected  by  the  Goverirment, 

Mr.  Ronald  E.  Heuer,  one  member  selected  by  Ohbayashi,  Mr.  P.  E.  Sperry, 
and  the  final  member,  Mr.  Robert  J.  Smith,  who  was  selected  by  the  first 
two  members. 

1-06.  References . 

a.  Design  Summary  Report  with  Appendices  A  and  B,  San  Antonio 
River  and  San  Pedro  Creek  Tunnels,  Phase  II-Tunnels  and  Shafts, 
Solicitation  No.  DACW63-87-B-0085,  dated  May  1987. 

b.  Design  Memorandum  No.  5,  Part  III,  Supplement  I,  Construction 
Unit  7-3-1,  dated  November  1985. 

c.  Geologic  Atlas  of  Texas,  San  Antonio  Sheet,  Project  Director 
Virgil  E.  Barnes,  University  of  Texas  at  Austin,  Bureau  of  Economic 
Geology,  1983  Revised  Edition. 

d.  A  Revision  of  Taylor  Nomenclature,  Upper  Cretaceous,  Central 
Texas,  by  Keith  Young,  Bureau  of  Economic  Geology,  Geological  Circular 
65-3,  dated  May  1965. 

e.  Ground- Water  Geology  of  Bexar  County,  Texas,  by  Ted  Arnow, 
Geological  Survey  Wat'  '  Supply  Paper  1588,  dated  1963. 

f.  Geologic  Map  of  Bexar  County,  Texas,  by  A.  N.  Sayre,  dated 
1932-33  (with  modifications  by  Lang,  Brown,  Mitchell,  and  Arnow,  dated 
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g.  The  Geology  of  Texas,  Volume  I,  Stratigraphy  by  Sellards, 
Adkins,  and  Plummer.  The  University  of  Texas  Bulletin  No.  3232,  dated 
August  1932. 

h.  Final  Instrumentation  Report  for  the  San  Antonio  River  Tunnel 
and  Shafts,  Woodward  Clyde  Consultants,  dated  June  1992. 
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PART  II 

FOUNDATION  EXPLORATIONS 

2-01.  Investigation  Prior  to  Construction.  A  total  of  45  borings  were 
drilled  between  August  1982  and  January  1985  to  determine  the  geologic 
conditions  along  several  considered  tunnel  alignments.  Although  all  of 
the  borings  were  in  the  same  vicinity,  32  wei...  drilled  on  or  in  close 
proximity  to  the  adopted  alignment.  The  hole  depths  ranged  from  150  to 
170  feet,  with  a  total  of  7,160,5  linear  feet  drilled.  Overburden  was 
usually  drilled  with  8-  to  10-inch  augers,  except  where  undisturbed 
samples  for  shaft  sites  were  taken  with  a  6-inch  Denison  barrel  (6DC- 
243,  6DC-244,  6D4C-263,  6D4C-274,  6DC-297,  and  6DC-301).  Rock  bits  were 
occasionally  used  when  needed  in  difficult  material.  Undisturbed 
samples  of  the  primary  were  taken  with  4-  or  6- inch  core  barrels.  All 
of  the  core  was  photographed  and  logged  by  a  geologist.  Electric  logs 
were  obtained  for  each  hole,  including  resistivity,  gamma,  and  caliper 
logs.  A  seismic  velocity  survey  was  conducted  in  nine  boreholes  along 
the  upstream  half  of  the  alignment.  Ground- water  information  was 
recorded  for  each  hole  during  drilling,  and  permanent  casing  was 
installed  in  23  holes  for  future  data  collection.  See  Plate  1  for 
location  of  borings  and  Appendix  6  for  detailed  geologic  logs. 

2-02.  Investigations  During  Cerstructlon .  In  December  1989  and  January 
1990,  four  core  borings  were  drilled  between  the  outlet  shaft  and 
station  24+7U.  Tunneling  from  the  outlet  shaft  was  encountering  very 
unstable  rock  in  the  softer  Navarro  Formation.  The  borings  were  drilled 
to  confirm  the  extent  of  this  softer  material  and  for  examination  by 
various  consultants  and  government  and  contractor  personnel.  Boring 
number  8A4C-322,  located  at  Station  31+30,  crossed  a  fault  plane  with 
associated  gouge  from  76  to  79  feet.  This  fault,  downthrown  to  the 
south,  marked  the  northern  limit  of  soft,  unstable  shale  along  the 
tunnel  alignment. 

Geotechnical  instrument  installations  required  borings  within  and 
above  the  tunnel  and  shaft  excavations.  These  borings,  as  well  as  those 
for  rock  anchor  and  spiling  installations,  were  observed  for  additional 
information  on  ground  conditions.  This  was  particularly  true  with  the 
six-position  extensometer  installations;  core  sampling  and  geologic 
logging  were  contractual  requirements  for  each  of  these  borings  which 
extended  from  ground  surface  to  just  above  the  tunnel  crown.  These 
borings  were  numbered  X-3  through  X-8,  and  were  drilled  consecutively  at 
the  following  stations:  10+50,  12+20,  23+83,  82+16,  98+00,  and  118+83. 
(Borings  X-1  and  X-2  were  on  the  San  Pedro  Creek  Tunnel.)  Boring  No.  X- 
5  was  extended  to  the  250 -foot  depth  without  encountering  the  M-1 
stratigraphic  marker  bed  in  the  uppermost  Taylor  Formation.  This 
verified  that  the  fault  at  station  30+90  had  a  considerable  displacement 
of  150  feet  or  more. 
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PART  III 
GEOLOGY 

3-01.  Regional  Geology. 

a.  Physiography .  The  San  Antonio  River  Tunnel  is  located  where 
the  northeast  trending  Balcones  fault  zone  forms  the  loundary  between 
two  physiographic  provinces;  the  Edwards  Plateau  to  the  northwest,  and 
the  Gulf  Coastal  Plain  to  the  southeast.  The  Edwards  Plateau  is  located 
on  the  upthrown  side  of  the  fault  zone  with  an  altitude  ranging  from 
about  1,100  to  2,300  feet.  It  is  a  rugged  and  hilly  upland  dissected  by 
the  headwaters  of  numerous  streams.  Limestone,  which  dips  slightly  to 
the  southeast,  has  provided  the  resistant  erosional  surface  of  the 
plateau  and  caps  the  remnant  hills.  Between  elevations  1,100  and  600 
feet,  the  Balcones  fault  zone  forms  an  abrupt  transition  from  the  hill 
country  in  the  northwest  to  the  rolling  plains  in  the  southeast.  The 
zone  is  marked  by  fault  escarpments  in  places,  but  lacks  *-opographic 
expression  where  formations  on  both  sides  of  the  faults  are  equally 
resistant  to  erosion,  such  as  along  the  tunnel  alignment.  The  fault 
blocks  are  composed  predominantly  of  limestone  and  shale  beds  which  dip 
gently  southeastward.  The  Gulf  Coastal  Plain  lies  below  elevation  600 
)n  the  downthrown  side  of  the  fault  zone.  It  i.s  a  rolling  prairie 
underlain  largely  by  beds  of  clay  and  poorly  consolidated  sand.  The 
regional  dip  is  greater  in  this  province,  c  itinuing  southeastward 
toward  the  Gulf  of  Mexico. 

b.  Stratigraphy .  The  regional  stratigraphy  consists  of  Recent  to 
Pliocene  aged  alluvial  deposits  underlain  by  sedin.entary  formations  of 
the  Tertiary  to  Cretaceous  Periods.  The  alluvial  deposits  consist  of 
various  combi’ .ations  of  gravel,  sand,  silt,  and  clay  with  occasional 
cobbles  and  boulders  in  places.  They  are  predominantly  fluviatile 
floodplain  and  terrace  deposits  of  which  the  oldest  two  have  been 
formally  named  the  Leona  Formation  (lower  Pleistocene)  and  the  Uvalde 
Gravel  (Pliocene) .  The  underlying  Tei tiary  formations  are  of  the  Eocene 
and  Paleocene  time  epochs.  These  consist  of  clay,  lignite,  sand,  and 
sandstone  cf  the  Claiborne,  Wilcox,  and  Midway  Groups.  Cretaceous 
formations  are  contained  in  the  Navarro  and  Taylor  Groups  of  the  Gulf 
Series  and  consist  mostly  of  shale,  clay  shale  or  claystone,  limestone, 
and  sandstone.  These  are  discussed  more  fvilly  in  succeeding  paragraphs 
as  it  relates  to  the  project  geology, 

c.  Structure .  The  regional  structure  may  be  divided  into  three 
distinctive  areas:  the  nearly  flat  and  relatively  undisturbed  beds  of 
the  Edwards  Plateau;  the  gently  dipping  but  faulted  and  folded  beds  cf 
the  Balcones - Lui ing  fault  zones;  and  the  southeast  dipping  monocline  of 
the  Gulf  Coastal  Plain.  The  rock  formations  s’^rike  east -northeast  and 
dip  south  -  southeast  throughout  the  region.  The  average  formation  dip  in 
the  Edwards  Plateau  ranges  from  10  to  15  feet  per  mile,  but  it  increases 
to  150  feet  per  mile  in  the  coastal  monocline.  Between  these  rwo  areas 
the  formations  dip  gently,  but  are  faulted  downward  about  3,000  feet  in 
a  distance  of  about  22  miles. 
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Regionally  there  are  two  major  fcolt  zones,  the  Balcones  fault 
zone,  and  the  Luling  fault  zone.  The  Balcones  system  contains  all  of 
the  faults  within  and  north  of  San  Antonio,  and  is  separated  from  the 
Luling  system  by  a  large  graben  about  25  miles  to  the  eas t - southeast . 
(The  Mexia  fault  zone  forms  the  east  side  of  a  similar  graben  to  the 
north  in  central  Texas.)  Both  fault  zones  were  apparently  part  of  the 
same  tectonic  system  which  was  active  during  the  mid  to  late  Tertiary 
Period.  Normal  or  gravity  faults  are  predominant  in  both  zones,  but  the 
Balcones  faults  are  usually  downthrown  to  the  east  or  southeast  and  the 
Luling  faults  are  usually  downthrown  to  the  west  or  northwest.  Major 
faults  of  both  zones  trend  east-northeastward,  roughly  parallel  to  the 
formation  strikes.  The  almost  straight  traces  of  these  faults  suggest 
nearly  vertical  fault  planes.  Shatter  zones  are  common  with  numerous 
small  step  faults  occurring  within  a  narrow  area.  However,  large  faults 
also  occur  and  several  are  known  to  have  displacements  in  excess  of  100 
feet.  The  Balcones  faults  have  the  greatest  displacements;  a  fault 
northwest  of  San  Antonio  near  Helotes  has  the  largest  known  throw  of 
about  600  feet,  and  another  fault  in  south  San  Antonio  has  a  throw  of 
more  than  550  feet. 

Although  faulting  is  the  more  prominent  structural  feature  of  the 
region,  the  faults  generally  have  decreasing  displacements  toward  the 
ends  of  their  trace,  and  in  places,  diminish  into  folds,  especially  in 
the  softer  strata.  A  major  asymmetrical  fold,  the  Culebra  Anticline, 
plunges  southwestward  several  miles  west  of  the  tunnel  project.  It  has 
a  core  of  Austin  Chalk  and  is  flanked  by  mostly  Taylor  and  Navarro 
Formations.  Both  flanks  of  the  anticline  are  terminated  by  faults  of 
the  Balcones  system. 

3-02.  Geology  of  the  Tunnel  Alignment. 

a.  Overburden .  Overburden  along  the  tunnel  alignment  consists  of 
fluviatile  low  terrace  deposits,  residual  clay,  and  occasional  man-made 
backfill  or  construction  surfacing.  The  fluviatile  deposits  are  for  the 
most  part  clay,  clayey  gravel,  and  gravelly  clay  with  lesser  amounts  of 
silt  and  sand.  Lower  gravel  beds  are  largely  composed  of  calcareous 
concretions  formed  around  chert  or  limestone  pebbles;  these  are  rounded 
to  subrounded,  whitish  concretions  usually  ranging  from  1  to  2  inches  in 
diameter,  although  sometimes  as  large  as  3  inches.  A  water-bearing 
gravelly  clay  to  clavey  gravel  is  often  the  basal  stratum  of  the 
overburden,  except  where  the  primary  formation  is  directly  overlain  by 
residual  clay.  The  residual  clay  is  tan  to  buff  with  gray  streaking  and 
mottling,  soft,  and  of  medium  to  high  plasticity.  It  is  similar  to  the 
underlying  weathered  clay  shale,  except  that  it  lacks  distinct  bedding 
structure  and  induration.  In  places,  isolated  pebbles  within  the  clay 
suggest  possible  reworking  with  the  overlying  alluvium.  Being  within  a 
city,  the  natural  overburden  is  frequently  overlain  by  man-made  deposits 
such  as  concrete,  asphalt,  and  random  soil  fill,  including  minor  amounts 
of  construction  rubble  and  other  refuse. 

The  overburden  blanket,  or  regolith,  along  the  tunnel  alignment 
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varies  typically  in  thickness  and  character.  Average  thickness  of 
overburden  along  the  tunnel  alignment  is  18.0  feet,  but  varies  between 
14.0  feet  and  28.0  feet.  Individual  strata  range  in  thickness  from 
about  1  to  23.7  feet.  Although  the  fluviatile  deposits  are  relatively 
well  sorted  from  the  finer  grained  deposits  near  the  surface  to  the 
coarser  gravel  deposits  at  depth,  the  gravel  beds  generally  display  a 
good  gradation  in  the  engineering  sense  that  various  grain  sizes  are 
distributed  throughout.  Cobbles  are  present  in  places,  but  never 
numerous.  Clayey  gravel  often  grades  into  gravelly  clay.  The  clay  may 
be  either  fluviatile  or  residual.  Both  types  of  clay  may  range  from 
lean  to  fat  in  plasticity  and  are  variably  calcareous.  The  fluviatile 
clay  may  contain  gravel,  particularly  toward  the  base  of  the  stratum. 

b.  Primary  Formations.  The  primary  formations  or  rock  medium  in 
the  San  Antonio  River  Tunnel  and  shaft  excavations  consisted  of  the 
Taylor  Formation  north  of  a  fault  located  at  tunnel  station  30+90  and 
the  Navarro  Formation  south  of  the  fault.  Both  of  these  formations  are 
generally  classified  as  calcareous  clay  shale,  but  they  also  differ  in 
notable  physical  properties  and  inherent  engineering  characteristics. 
They  are  both  clay-based  formations,  deposited  in  the  Cretaceous  Period; 
in  places,  they  both  contain  a  high  content  of  expansive 
montmorillonite ,  and  they  both  are  interbedded  with  limy  layers  of 
calcareous  claystone  or  marlstone.  Nevertheless,  they  also  have 
differences  in  composition,  strength,  and  structure. 

The  Taylor  and  Navarro  are  treated  as  formations,  rather  than 
groups,  since  they  are  not  locally  subdivided  into  well-defined 
stratigraphic  units.  However,  the  formations  contain  interbedded 
calcareous  or  limy  layers  which  may  be  used  as  marker  beds  in  electric 
log  correlations.  These  marker  beds  have  been  designated  M-0  through 
M-4,  from  youngest  to  oldest.  The  M-0  is  Nav+rro  strata  which  occurs 
nowhere  upstream  (north)  of  the  fault  separating  the  two  formations. 

The  other  marker  beds  are  within  the  Taylor.  The  name  of  each  marker 
bed  also  applies  to  the  underlying  strata  separating  it  from  the  next 
marker  bed.  For  example,  the  M-1  represents  all  of  the  material  from 
the  top  of  the  M-1  marker  to  the  top  of  the  M-2  marker.  Also,  electric 
log  correlations  were  conducted  along  a  continuous  ±2 -foot  thick 
greensand  or  glauconitic  layer;  this  was  designated  the  M-5  marker  bed, 
which  represents  the  remaining  Taylor  section  beneath  it. 

Due  to  the  formation  dip  to  the  southeast  and  the  vertical 
displacement  of  faulting,  the  tunnel  crosses  through  all  six  of  the 
identified  beds  from  the  M-0  at  the  outlet  to  the  M-5  at  the  inlet.  It 
tnereby  progressed  upstream  from  younger  to  older  beds,  which  was 
significant  to  the  excavations.  Upstream,  the  material  becomes  more 
limy  as  it  forms  a  gradational  transition  toward  the  underlying  Anacacho 
Limestone  and  Austin  Chalk,  X-ray  diffracton  tests  reveal  that  the 
stratigraphically  lower  and  older  beds  tend  to  be  two  to  three  times 
more  limy  than  the  upper  beds.  The  ratio  of  clay  to  calcium  carbonate 
is  inversely  proportional  in  this  material.  Thus,  the  M-0  through  M-2 
materials  are  generally  more  clayey  and  lithologically  weaker;  the  M-3 
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through  M-5  materials  are  typically  more  limy,  better  cemented  and  more 
geologically  consolidated  to  give  a  denser  and  stronger  rock. 

A  rudimentary  visual  observation  can  roughly  ascertain  the 
variable  clay  and  carbonate  (limy)  lithology.  The  darker  gray, 
unctuous,  soft  to  moderately  soft  material  is  higher  in  clay  content; 
the  lighter  gray,  earthy,  moderately  soft  to  hard  material  is  higher  in 
calcium  carbonate.  More  exactly,  X-ray  diffraction  tests  on  Taylor 
samples  indicate  that  it  consists  of  30  to  45  percent  clay,  15  to  50 
percent  carbonates,  10  to  30  percent  quartz,  and  a  trace  to  15  percent 
feldspar.  Based  on  engineering  characteristics,  it  is  expected  that 
much  of  the  Navarro  M-0  strata  exceed  this  maximum  percentage  of  clay. 
Tests  indicate  that  the  more  prevalent  of  the  clay  minerals  is  the 
expansive  montmorillonite  with  lesser  amounts  of  nonexpansive  illite  and 
kaolinite;  although  this  is  not  everywhere  the  case,  it  is  particularly 
true  in  the  M-0  strata. 

The  Taylor  Formation/Group  forms  the  tunneling  medium  for  about  87 
percent  of  the  San  Antonio  River  Tunnel.  Geologic  literature  often 
refers  to  the  Taylor  as  a  stratigraphic  group  containing  several 
formations.  Although  the  formations  vary  from  place  to  place  in 
composition  and  name,  the  Taylor  may  be  generally  divided  into  three 
stratigraphic  units:  the  Upper  Taylor  Marl  (also  called  the  Marlbrook 
Marl  or  Bergstrom  Formation),  the  Pecan  Gap  Formation,  and  the  Lower 
Taylor  Marl  (also  called  the  Sprinkle  Formation).  Keith  Young,  May 
1965,  in  referring  to  these  three  formations  classifies  the  lithic 
sequence  as:  "claystone,  chalk  or  marly  limestone,  and  claystone," 
thereby  substituting  claystone  for  old  marl  terminology  used  by 
Sellards,  et.  al. ,  August  1932.  Since  "marl"  is  an  old  and  loosely 
applied  term  for  unconsolidated  or  little  indurated  materials  containing 
35  to  65  percent  clay  and  35  to  65  percent  carbonate  (American 
Geological  Institute's  Glossary  of  Geology,  1974),  it  can  apply  to  the 
Taylor  in  composition  only.  As  a  geologically  consolidated  mass  of 
predominantly  clay  and  carbonate  minerals,  the  Taylor  is  more  aptly 
classified  as  a  calcareous  clay  shale  where  fissile,  a  calcareous 
claystone  where  lacking  fine  lamination,  and  possibly  a  marlstone  where 
highly  calcareous.  Although  only  the  Upper  Taylor  unit  is  present 
locally,  it  consists  of  some  variation  and  subtle  transitions  through 
all  three  of  these  similar  rock  types.  Therefore,  we  have,  for 
simplicity,  chosen  calcareous  clay  shale  as  the  general  project 
classification. 

The  Navarro  Formation/Group  is  lithologically  similar  to  the 
Taylor  and  yet  significantly  different  in  some  physical  and  engineering 
characteristics.  The  Navarro  is  quite  clayey  with  occasional 
interbedded  limy  layers;  and,  in  this  respect,  it  resembles  much  of  the 
M-1  and  M-2  strata  of  the  Taylor.  As  with  the  Taylor,  the  general 
project  term  for  the  Navarro  is  clay  shale,  though  it  also  could  be  more 
specifically  classified  as  a  claystone  or  marlstone  where  appropriate. 
Actually,  the  local  stratigraphic  contact  between  the  two  formations  is 
notoriously  difficult  to  identify.  On  the  other  hand,  the  structural 
contact  across  the  fault  plane  at  tunnel  station  30+90  presented  a 
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rather  stark  contrast  between  the  weak,  unstable  Navarro  and  the 
t\,latively  firm,  massive  Taylor.  This  illustrates  the  somewhat  subtle 
and  yet  significant  differences.  The  transition  trom  the  one  formation 
to  the  other  in  the  stratigraphic  column  is  hardly  distinguishable,  but 
their  behavioral  differences  across  a  fault  contact  was  drastically 
obvious . 

The  differing  Navarro  characteristics  become  apparent  below  a  limy 
zone  about  90  to  95  feet  from  ground  surface,  or  about  15  to  20  feet 
above  the  tunnel  crown.  Below  this  depth  the  M-0  strata  produce  clay 
activity  values  greater  than  2  which  indicates  a  high  content  of 
montmor illonite  or  smectite  clay  minerals;  a  clay  activity  of  1  or 
greater  is  representative  of  a  swelling  clay.  Layers  of  white  bentonite 
occur  at  elevations  523  (100  foot  depth)  and  492  (131  foot  depth).  The 
material  is  a  weak,  soft,  unctuous,  dark  gray,  clay-based  rock  having 
unconfined  compressive  strengths  averaging  around  20  TSF,  and  in  places, 
lower  than  5  TSF.  The  unconfined  compressive  strength  of  the  Taylor 
averages  33  TSF.  The  Navarro  moisture  content  at  these  depths  range 
from  about  30  percent  to  40  percent,  whereas  the  Taylor  averages  15.5 
percent.  In  this  material  the  plastic  limit  averages  about  30,  and  the 
liquid  limit  varies  from  108  to  149;  in  the  Taylor  the  plastic  and 
liquid  limits  average  17  and  53,  respectively.  Tests  also  indicate  that 
the  material  could  be  overstressed  at  tunnel  depths  where  an  overburden 
pressure  of  about  8.8  TSF  exceeds  tne  shear  strength  of  6.6  TSF.  Also, 
thin,  grayish  white  silty  sand  to  sandy  silt  layers  occur  below  the 
elevation  523  bentonite.  These  1/16-inch  to  1-inch  thick  silty-sandy 
seams  create  horizontal  planes  of  weakness  which  are  crisscrossed  by 
joints  and  slickenslded  minor  faults  to  form  blocky  ground.  Simply 
stated,  the  Navarro  at  tunnel  depths  is  weak,  possibly  overstressed, 
blocky  ground. 

c.  Geologic  Structure.  The  San  Antonio  River  Tunnel  is  contained 
within  four  fault  blocks  of  the  Balcones  system.  The  most  notable  and 
largest  fault  is  located  at  Station  30+90  where  there  is  over  150  feet 
of  downward  displacement  to  the  southeast.  This  has  placed  the 
stratigraphically  higher  and  younger  Navarro  Formation  in  the  tunnel 
horizon  along  the  lower  2000+  feet  of  alignment.  The  tunnel  alignment 
in  this  section  closely  parallels  the  formation  strike  resulting  in  a 
near  horizontal  apparent  dip.  The  other  three  faults  are  located 
upstream  within  the  Taylor  Formation  which  shows  little  structural 
disturbance.  One  of  the  faults  crosses  the  alignment  near  station  66+00 
with  a  downward  throw  of  49  feet  northwest,  and  another  intersects  the 
alignment  at  about  station  98+15  with  a  downward  throw  of  57  feet 
southeast.  A  fourth  fault  is  located  about  190  feet  north  of  the  inlet 
shaft,  with  a  downward  throw  of  41  feet  northwest.  All  of  these  faults 
are  consecutively  downthrown  in  opposite  directions,  resulting  in  horst 
and  graben  blocks. 

The  extensive  geologic  investigations  for  both  tunnel  alignments 
on  this  project  have  updated  and  enhanced  the  depiction  of  the 
structural  and  stratigraphic  geology  of  central  San  Antonio.  Rather 
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than  one  fault  which  w^s  formerly  mapped  through  the  downtown  area,  this 
project  has  revealed  four  faults  trending  east-northeast  across  the 
central  city  between  Brackenridge  Park  to  the  north  and  Roosevelt  Park 
to  the  south.  Rather  than  a  fault  contact  between  the  Taylor  and 
Navarro  Formations  being  near  the  Paseo  del  Rio,  it  is  actually  just 
north  of  Brackenridge  High  School  by  about  500  feet  at  tunnel  station 
30-1-90. 

The  fault  separating  the  Taylor  and  Navarro  Formations  actually 
separated  two  different  types  of  ground  from  a  tunneling  standpoint.  As 
discussed  in  the  previous  section,  the  Taylor  and  Navarro  are 
lithologically  similar,  but  also  significantly  different  to  the  extent 
that  they  respond  differently  to  underground  excavations.  The  fault 
separating  the  two  formations  had  at  least  three  times  the  displacement 
as  any  of  the  other  faults  along  the  tunnel  alignment.  It  trended  N72° 
east  and  was  downthrown  at  a  dip  of  57“  southeast.  It  had  a  4- foot  wide 
breccia  zone  extending  from  station  30+90  to  30+94  at  tunnel  springline. 
This  compares  impressively  with  the  1/4- inch  of  clay  gouge  lining  a 
smaller  (i;40-foot  displacement)  fault  plane  in  the  Taylor  Formation.  In 
fact,  the  Taylor  was  hardly  disturbed  by  anv  of  the  faulting,  and  even 
remained  massive,  unbroken  ground  adjacent  to  the  Navarro  fault  block. 
However,  the  Navarro  block  received  considerable  deformation  with  the 
result  that  numerous  joints  formed,  many  being  slickensided  minor 
faults.  These  joints  were  largely,  though  not  always,  high  angle, 
greater  than  45°  from  horizontal.  Their  various  orientations  alternated 
along  the  tunnel  alignment  in  the  upstream  and  downstream  directions, 
thereby  crisscrossing  through  weakened  horizontal  bedding  planes. 

Bedding  planes  weakened  by  interbedded  silt  and  sand  layers  formed 
structural  blocks  when  crisscrossed  by  the  joints.  Therefore,  the 
Navarro  side  of  the  fault  was  blocky  ground,  susceptible  to  loosening 
and  fallout  due  to  stress  relief  around  underground  openings.  (The 
effects  of  the  blocky  ground  will  be  discussed  more  fully  in  PART  VI; 
"CHARACTER  OF  THE  FOUNDATION  OR  TUNNELING  MEDIUM." 

The  geologic  structure  upstream  from  station  30+94,  regardless  of 
the  other  three  faults,  does  little  to  disrupt  the  massive  character  of 
the  230-foot  thick  Taylor  Formation.  The  upstream  faults  average  about 
50  feet  of  displacement,  but  have  caused  little  disturbance  to  the 
surrounding  rock.  Folding  is  but  minor  warping  of  essentially 
horizontal  strata.  The  stratigraphic  inclination  varies  along  the 
alignment  from  0  to  2“,  with  the  predominant  dip  to  the  southeast. 

Boring  investigations  in  the  Taylor  had  nearly  100  percent  core  recovery 
and  RQD.  Geologic  mapping  during  construction  denoted  occasional  tight 
fractures  and  low  angle  joints,  but  these  are  merely  random 
discontinuous  breaks  that  hardly  disrupt  the  massive  character  of  the 
formation.  The  few  fractures  and  joints  in  unweathered  rock  usually  dip 
less  than  10°  and  often  coincide  with  the  nearly  horizontal  bedding. 

This  persistent  massive  character  of  the  Taylor  undoubtedly  accounts  for 
the  limited  effect  of  stress  relief  in  that  section  of  tunnel. 

d.  Formation  Weathering.  The  predominantly  tan  coloring  of  the 
weathered  clay  shale  formations  contrast  sharply  with  the  darker,  gray 
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unweathered  clay  shale.  The  tan  coloration  is  mottled  and  streaked  with 
gray  generally  throughout  the  weathered  zone.  Rusty  red  iron  staining 
occurs  along  some  joints  and  fractures.  Joints  and  fractures  are  not 
uncommon  in  the  weathered  zone.  It  is  noteworthy  that  since  there  is 
little  water  migration  through  the  fractured  areas,  the  top  of  the 
weathered  zone  may  be  considered  the  contact  between  the  clay  shale 
aquiclude  and  the  overlying  alluvial  aquifer.  The  weathering  averages 
21.5  feet  in  thickness  along  the  tunnel  alignment.  The  contact  with 
unweathered  formation  occurs  at  an  average  depth  of  40.8  feet.  The 
weathered  material  is  soft,  has  medium  to  often  high  plasticity,  is  damp 
in  places,  and  contains  scattered  fossils.  It  is  distinguishable  from 
the  occasional  residual  clay  deposits  by  slight  induration  and  distinct 
bedding  structure.  Due  to  this  induration  and  bedding  structure,  the 
material  tends  to  break  in  blocky  chunks  when  excavated. 

e.  Ground  Water.  The  Navarro  and  Taylor  are  clay-based 
formations  which  act  as  an  aquiclude,  prohibiting  the  migration  of 
ground  water  from  both  above  and  below  the  formation.  Ground  water  in 
the  overlying  alluvium  is  prevented  from  moving  downward,  and  ground 
water  in  the  underlying  limestones  is  confined  under  artesian  pressure. 
They  form  a  consistently  tight  aquiclude,  although  there  are  occasional 
structural  breaks.  Where  breakage  does  occur,  it  is  usually  tight, 
closed  by  intrinsic  expansive  clays,  or  healed  by  mineral  precipitation. 
Thus,  the  Impermeable  character  of  the  rock  is  not  significantly  altered 
by  fractures,  joints,  or  faults.  The  tunnel  excavation  was  entirely  in 
dry  rock  with  no  seepage  along  structural  breaks.  However,  some  water 
was  encountered  from  extraneous  sources  due  to  construction  mishaps  and 
abandoned  water  wells.  The  shaft  excavations  were  also  in  dry  material 
for  the  most  part. 

The  tunnel  excavations  encountered  water  from  extraneous  sources 
twice  during  the  top  heading  construction;  one  encounter  was  after  the 
top  heading  collapse,  and  another  was  as  the  TBM  was  cutting  the  lower 
face  below  the  top  heading.  The  water,  after  the  top  heading  collapse, 
was  from  the  overlying  alluvial  aquifer,  and  was  introduced  into  the 
excavation  through  three  surface  borings  drilled  to  backfill  the 
collapse  cavity.  On  the  other  occasion,  a  waterline  broke  during  the 
night  and  flooded  over  400  linear  feet  of  the  upstream  top  heading 
tunnel.  Neither  of  these  water  occurrences  caused  major  problems.  In 
both  cases,  the  water  was  easily  controlled  by  pumping.  The  water  in 
the  collapse  cavity  was  eliminated  during  the  backfill  operation,  and 
the  waterline  spill  was  simply  pumped  away.  (These  events  are  described 
in  more  detail  in  Section  6-02,  d.  and  e.) 

The  main  ground-water  concern  for  the  tunnel  was  that  the  TBM 
might  excavate  through  an  abandoned  and  unplugged  artesian  well.  The 
major  water  source  for  the  region  is  the  Edwards  Aquifer,  from  which  the 
city  has  a  multitude  of  wells.  Occasionally,  unknown  abandoned  wells 
are  found,  and  there  are  no  assurances  that  these  old  wells  were  plugged 
as  required  by  current  regulations.  The  Edwards  lies  confined  with  an 
artesian  pressure  beneath  the  Taylor  and  other  impermeable  strata  at  a 
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depth  of  about  690  feet,  or  550  feet  below  the  tunnel.  It  has  been 
estimated  that  an  unplugged  well  from  within  this  aquifer  could  release 
as  much  as  5000  gpm  of  water  into  the  tunnel  at  a  pressure  of  70  psi. 

As  it  turned  out,  abandoned  wells  were,  indeed,  intersected  by  the 
tunnel  excavation  as  discussed  in  para  7.03. 

f.  Seismicity .  The  San  Antonio  area,  as  for  most  of  southern 
Texas,  is  in  a  Seismic  Probability  Zone  0.  This  zero  zone  extends 
north-south  from  Dallas  to  Brownsville  and  east-west  from  Beaumont  to 
Del  Rio.  No  earthquake  damage  has  ever  been  experienced  within  this 
zone,  nor  should  any  be  anticipated  in  the  future.  There  are  no  distant 
threats  from  earthquakes  beyond  this  zone.  Therefore,  the  tunnel 
project  has  no  seismic  risks. 

g.  Engineering  Characteristics  of  Overburden.  The  predominant 
component  of  the  overburden  is  medium  to  high  plasticity  clay  though 
silt,  sand,  and  gravel  also  occur.  The  gravel  deposits  are  often  clayey 
to  a  variable  extent,  ranging  from  clayey  gravel  to  gravelly  clay.  Silt 
and  sand  layers  are  also  slightly  clayey  in  places.  Though  the 
overburden  consists  of  various  gradations  from  fine  to  coarse  materials, 
it  was  possible  through  thorough  investigations  to  develop  one  set  of 
overburden  design  parameters  for  all  of  the  shaft  and  surface 
structures.  These  parameters  are  as  follows: 

(1)  Moist  Unit  Weight  (ym)  -  125  pcf 

(2)  Saturated  Unit  Weight  (ysat)  -  130  pcf 

(3)  Shear  Strength  Assumptions: 

a.  Cohesion  (c')  -  0.1  tsf 

b.  Angle  of  Inner  Friction  (0')  =  20° 

(4)  Allowable  Bearing  Capacity  (qall)  -  2.0  tsf 

(5)  Earth  Pressure  Coefficients: 

(a)  Ka  (active)  -  0.5 

(b)  Ko  (at  rest)  =  0.7 

(c)  Kp  (passive)  +2.0 

(6)  Modulus  of  Subgrade  Reaction 

or  Spring  Constant  (Ks)  -  75  pci 

h .  Engineering  Characteristics  of  Primary  Formations.  The 
characteristic  of  the  primary  formations  which  caused  the  greatest 
design  concern  was  the  capability  of  exerting  relatively  large  swell 
pressures  on  tunnel  and  shaft  linings  due  to  montmor illonite  content. 


Although  the  swelling  pressure  Is  very  low  in  some  of  the  material  and 

is  usually  less  than  5  tsf,  it  is  known  to  be  as  high  as  15  tsf  in 

places.  Therefore,  geotechnical  consultants  were  engaged  as  advisors 
during  the  tunnel  and  shaft  design.  The  swell  pressure  characteristics 
and  the  recommendations  of  the  consultants  are  discussed  in  PART  IV, 
"SPECIAL  DESIGN  CONSIDERATIONS,"  PARAGRAPH  4-02. 

Other  engineering  characteristics  were  determined  for  selected 
undisturbed  samples  along  the  tunnel  alignment.  In  Atterberg  tests,  the 
average  liquid  limit  was  53  with  a  high  of  72  and  a  low  of  30;  the 
average  plastic  limit  was  17  with  a  high  of  19  and  a  low  of  14;  the 

plasticity  index  averaged  36  with  a  high  of  54  and  a  low  of  14.  The 

moisture  content  ranged  from  9  percent  to  22.6  percent  with  an  average 
of  15.5  percent.  Specific  gravity  was  about  2.70.  Dry  density  ranged 
from  106  pcf  to  136  pcf  with  an  average  of  122  pcf.  Unconfined 
compressive  strengths  varied  from  5.1  tsf  to  77.7  tsf,  averaging  32.7 
tsf.  The  soil  modulus  near  tunnel  depth  ranged  from  2.2  X  10^  psi  to 
19.8  X  lO'*  psi,  with  an  average  of  9.1  X  10''  psi. 

A  set  of  design  parameters  were  developed  for  both  the  weathered 
and  unweathered  primary  formations  noting  characteristic  changes  with 
depth.  These  parameters  are  as  follows: 

Weathered  Shale  (Undisturbed! 

(1)  Moist  Unit  Weight  (ym)  =  125  pcf 

(2)  Saturated  Unit  Weight  (ysat)  =  130  pcf 

(3)  Shear  Strength  Assumptions: 

(a)  Cohesion  (c')  =  0.1  tsf 

(b)  Angle  of  Inner  Friction  (0)  =  25° 

(4)  Allowable  Bearing  Capacity  (qall)  =3.0  tsf 

(5)  Earth  Pressure  Coefficients: 

(a)  Ka  (active)  =  0.4 

(b)  Ko  (at  rest)  =  0.9 

(c)  Kp  (passive)  =  2.5 

(6)  Modulus  of  subgrade  Reaction  or  Spring  Constant 

(Ks)  -  250 

Unveathered  Shale  (Undisturbed) 

(1)  Moist  Unit  Weight  (ym)  =  135  pcf 

(2)  Saturated  Unit  Weight  (ysat)  ~  140  pcf 
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(3)  Shear  Strength  Assiunptions ; 


W 

NOTE 


(a)  Cohesion  (o')  -  0.1  tsf  to  0.5  tsf  (3  tunnel  depth 

(b)  Angle  of  Inner  Friction  (a)  -  35°  to  45° 

(3  tunnel  depth 

Allowable  Bearing  Capacity  (qall)  =  6.0  tsf 

The  allowable  bearing  capacity  for  the  unweathered 
shale  actually  exceeds  6.0  tsf  at  tunnel  depth,  but 
with  no  effect  on  structural  design. 


PART  IV 

SPECIAL  DESIGN  CONSIDERATIONS 


A-01.  Construction  Method.  The  tunnel  concept  for  flood  diversion 
beneath  the  city  was  adopted  rather  than  surface  channel  modifications 
to  avoid  construction  impacts  to  the  downtown  area.  Significant  costs 
and  liabilities  would  ensue  from  surface  construction  along  the  drainage 
channel  due  to  limited  access,  potential  damage  to  structures,  bridge 
replacements,  traffic  congestion,  business  restrictions,  and  other  city 
related  problems.  Because  of  the  high  cost  of  a  tunnel  boring  machine 
(TBM)  and  initial  mobilization  expenses,  the  cost  per  foot  of  tunnel  is 
substantially  decreased  as  the  length  of  tunneling  increases.  Without 
the  length  of  the  San  Antonio  River  Tunnel,  the  shorter  San  Pedro  Creek 
project  would  have  been  restricted  to  surface  channel  improvements,  or 
less  expedient  but  lower  cost  conventional  methods  of  tunneling. 
Therefore,  the  combined  tunnels  project  was  cost  effective  as  well  as 
practical . 

A  fully  shielded  mechanical  tunnel  excavating  machine  was 
specified  for  the  contract,  which  included  both  tunnels.  The  contractor 
was  given  the  choice  of  using  a  full-face  tunnel  boring  machine  (which 
was  chosen),  a  boomheader  machine,  or  a  roadheader  machine,  the  latter 
two  would  have  been  allowed  only  if  fully  shielded  and  equipped  with  an 
excavation  guide  ring. 

The  contractor  was  also  given  the  option  of  following  the 
excavating  machine  with  cast- in-place  concrete  liner  or  precast  concrete 
segmental  liner,  provided  that  the  installation  of  either  left  no  ground 
unsupported  behind  the  shield.  The  precast  segmental  liner  was  the 
selected  method,  providing  both  initial  and  final  support.  The 
contractor  was  also  given  the  flexibility  to  design  the  liner  erection 
and  support  method,  although  the  contract  plans  presented  a  method  using 
longitudinal  needle  beams  and  steel  ribs.  The  method  of  liner  erection 
was  specified  to  provide  "positive  structural  support"  to  prevent 
deviation  from  circularity  of  the  segmental  rings  and  to  prevent 
settlement  of  the  rings  into  the  invert  void  as  the  segments  left  the 
back  of  the  tail  shield.  The  contractor's  designed  method  was  to  set 
invert  segments  on  a  bed  of  pea  gravel,  use  interlocking  dowels  between 
segment  rings,  support  segments  at  springline  with  wood  blocking,  and 
finally,  blow  pea  gravel  around  the  entire  ring  to  provide  positive 
structural  support.  The  lower  portion  of  the  tail  shield  behind  the 
grippers  was  removed  to  facilitate  this  operation. 

The  specified  shaft  excavations  also  allowed  the  contractor 
flexibility  in  selecting  a  preferred  method  of  construction .  The  inlet, 
outlet,  and  maintenance  shafts  could  be  excavated  by  mechanical  ripping, 
controlled  blasting,  or  a  combination  of  these  techniques.  Actually, 
the  maintenance  shafts  were  excavated  by  rotary  drilling,  and  no 
blasting  was  used  on  any  portion  of  the  San  Antonio  River  project.  The 
small  diameter  shafts  for  ventilation  and  hydraulic  instrumentation  were 


specified  for  drilling  with  the  option  of  proceeding  downward  from  the 
surface,  or  upward  from  the  tunnel  (raise  drilling).  These  were  drilled 
downward  from  the  ground  surface . 

4-02.  Swe 11  Pres  sure  s .  The  swelling  potential  of  the  primary  formation 
was  a  major  design  consideration,  especially  in  the  determination  of 
strength  requirements  for  the  tunnel  and  shaft  liners.  Laboratory 
testing  during  design  investigations  indicated  that  the  material  was 
capable  of  exerting  expansion  pressures  considerably  larger  than  the 
overburden  pressure.  Swell  pressures  of  as  much  as  12.8  tsf  were 
recorded  with  a  maximum  overburden  pressure  of  8.8  tsf  at  a  depth  of 
135.3  feet.  Hov;ever,  it  was  questionable  as  to  whether  the  tunnel  and 
shaft  liners  would  actually  have  to  withstand  field  pressures  as  great 
as  those  indicated  by  the  laboratory  constrained  testing.  In  support  of 
this  questioning  was  previous  swell  testing  by  Dr.  Tor  Brekke  on  Taylor 
material  from  the  Austin  Crosstown  Wastewater  Interceptor.  Dr.  Brekke 's 
tests  had  shown  that  permitting  the  material  to  experience  a  volume 
increase  of  2  percent  reduced  the  swelling  pressures  by  roughly  50 
percent.  On  the  other  hand,  the  montmorillonite  content  of  the  Taylor 
in  Austin  varied  somewhat  from  that  of  the  Taylor  in  San  Antonio 
tunnels.  Therefore,  Dr.  Ralph  Peck  was  engaged  by  the  Government  as  a 
consultant  in  resolving  these  questions  and  other  geotechnical  Issues 
throughout  the  tunnels  project. 

At  the  recommendation  of  Dr.  Peck,  Dr.  G.  Mesri  of  the  University 
of  Illinois  was  enlisted  to  do  further  testing  and  evaluation  of  the 
Taylor  swell  properties  from  samples  taken  along  the  tunnel  alignments. 
Based  on  the  previous  design  tests,  field  observations,  and  Dr.  Mesri 's 
tests,  both  consultants  recommended  that  the  tunnel  and  shaft  liners 
should  be  designed  to  withstand  swell  pressures  of  5  tsf. 

The  reasoning  of  the  consultants  was  that  the  potentially  high 
expansion  pressures  indicated  by  laboratory  testing  would  be  largely 
dissipated  as  the  swelling  material  expanded  into  space  provided  by 
stress  relief  fissures  that  inevitably  develop  around  underground 
excavations.  In  Dr.  Peck's  words,  "...the  stress  release  associated 
with  excavating  the  tunnel  of  20  feet  (26.9  feet)  diameter  would 
undoubtedly  be  sufficient  to  cause  the  opening  of  fissures  around  the 
tunnel  to  an  extent  that  the  ultimate  swelling  pressures  would  be 
reduced  to  the  design  value  (5  tsf).  These  fissures  would  be  developed 
by  the  time  the  tailpiece  of  the  shield  would  expose  the  shale." 
Likewise,  Dr.  Mesri  concluded  that  laboratory  pressures  would  not 
develop  in  reality  against  the  tunnel  liner  because  the  magnitude  of 
shale  rebound  after  excavation  would  open  fissures  around  the  tunnel 
periphery.  He  also  expected  swell  pressure  dissipation  due  to  expansion 
into  the  tunnel's  annular  space  about  the  lining,  due  to  flexibility  of 
the  lining  itself,  and  due  to  partial  swelling  of  the  material  before 
the  lining  could  be  installed.  Dr.  Mesri's  tests  produced  swelling 
pressures  ranging  from  0.2  tsf  to  as  high  as  15  tsf,  although  more  than 
two-thirds  of  the  results  were  less  than  5  tsf.  (This  broad  range  is 
indicative  of  the  variable  montmorillonite  content  throughout  the 
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formation.)  However,  similar  to  Dr.  Brekke's  findings,  he  found  that  to 
allow  additional  swelling  in  a  laboratory  specimen  above  the  initial 
void  ratio  corresponding  to  0.35  percent  axial  strain  reduced  the 
swelling  pressure  from  8  tsf  to  4.5  tsf.  Therefore,  it  was  concluded 
that  the  inherent  field  conditions  in  tunneling  would  reduce  the  actual 
swell  pressures  on  the  lining. 

Although  Dr.  Mesri  estimates  from  calculations  of  the  time- rate  of 
swelling  that  the  total  design  pressure  will  require  decades  to  develop, 
experience  within  the  San  Antonio  area  suggests  that  a  substantial 
amount  of  the  swelling  can  be  expected  within  5  years.  Based  on  local 
experience,  it  is  anticipated  that  most  of  the  5  tsf  may  be  realized 
upon  the  tunnel  and  shaft  liners  within  5  to  10  years  after 
construction.  Expansion  is  usually  negligible  beyond  12  to  15  years 
after  the  moisture  environment  is  changed. 

4-03.  Heave  Potential.  Another  design  consideration  was  vertical 
uplift  or  heave  due  to  differential  expansion  of  the  material 
surrounding  the  shafts.  Since  the  percentage  of  expansive 
montmori 1 Ionite  varies  within  the  primary  formation,  the  amount  of 
swelling  can  vary  throughout  the  shafts.  Also,  moisture  variations  can 
affect  the  rate  of  swelling  from  place  to  place.  Particularly,  the 
upper  weathered  formation  is  likely  to  swell  more  rapidly  than  the 
unweathered  material  at  lower  depths.  Therefore,  to  deal  with  possible 
vertical  displacements  or  tensile  forces  developed  by  these  conditions, 
the  designers  recommended  that  the  shafts  be  constructed  with  expansion 
joints,  tensile  steel,  and/or  a  bond  breaker  between  the  permanent  and 
temporary  liners. 

A  shaft  bond  breaker  was  specified  for  the  Phase  II  tunnel 
contract.  (An  expansion  joint  was  included  in  the  surface  structure 
design  to  be  constructed  under  a  later  contract.)  The  specified  bond 
breaker  was  a  geotextile  material  which  was  to  be  installed  over  the 
initial  support.  However,  a  contract  modification  provided  a  substitute 
for  the  geotextile  which  consisted  of  an  asphalt  fiberboard,  Sealtight 
Dummy  Joint,  produced  by  W.  R.  Meadows.  Inc.,  of  Fort  Worth,  Texas. 
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PART  V 

EXCAVATION  AND  SUPPORT  PROCEDURES 


5-01.  General .  The  contract  required  that  the  San  I edro  Creek  Tunnel 
and  Shafts  be  completed  first , although  the  San  Antonio  River  Tunnel  and 
Shafts  could  be  started  concurrently.  There  was  no  differentiation  for 
payment  in  types  of  material  excavated  such  as  rock  or  common 
excavation;  payment  for  shaft  excavation  was  lump  sum  for  each  shaft, 
and  payment  for  tunnel  excavation  and  lining  was  by  the  linear  foot. 

The  San  Antonio  River  Tunnel  and  Shafts  involved  payment  for  16,200 
linear  feet  of  tunnej.  excavation,  a  like  amount  of  precast  segmental 
liner,  and  lump  sum  for  each  of  nine  shafts. 

Most  '  "  the  tunnel  and  shaft  excavations  closely  followed  the 
lines  and  grades  indicated  in  the  plans  and  specifications.  The 
specified  tolerances  for  the  tunnel  excavation  allowed  an  alignment 
departure  of  ±12  inches,  a  grade  departure  of  ±3  inches,  and  a  rate  of 
return  to  alignment  or  grade  not  greater  than  3  inches  per  100  feet. 

The  contract  required  that  the  vertical  and  horizontal  tunnel  alignment 
be  controlled  by  laser  beam  instrument.  Although  numerous  line  and 
grade  adjustments  were  required  in  controlling  the  TBM ,  particularly  in 
negotiating  the  curve  sections,  the  overall  results  were  quite  accurate. 
The  precast  segmental  liner  was  al’owed  a  variation  of  0.5  percent  from 
the  inside  dimension,  an  out -of  -  roundness  of  i.)/4  inch  in  diameter,  and 
abrupt  irregularities  at  segment  joints  not  in  excess  of  1/4  inch.  The 
shaft  excavations  were  allowed  0.5  percent  of  the  deptli  in  out  of  plumb, 
or  10  percent  of  the  finished  inside  diameter  for  circular  shafts, 
whichever  would  be  less.  Variation  from  the  excavated  diameter  of 
circular  shafts  could  not  exceed  0  to  plus  6  inches.  Shaft  linings  were 
allowed  a  variation  in  thickness  of  minus  2.5  percent  or  1/4  inch, 
whichever  was  gieater.  The  inside  dimensions  of  si  ift  linings  were 
given  a  tolerance  of  0,5  percent. 

In  addition  to  establishing  the  lines,  grades,  and  dimensions  for 
the  tunnel  and  shafts,  the  plans  and  specifications  provided  a  guideline 
for  implementing  the  construction.  However,  the  contractor  had  the 
option  of  submitting  for  approval  his  own  design  proposals  for 
excavation  and  support.  When  approved  by  the  Contracting  Officer,  the 
contractor's  design  and  procedures  became  the  de  facto  specifications  in 
their  applicable  areas  of  construction.  Each  area  of  construction  and 
the  procedures  used  are  described  in  the  following  paragraphs. 

5-02.  Excavation  Equipment. 

a.  Shaft  Excavation  Equipment.  Two  types  of  equipment  were  used 
foi  the  shaft  excavations.  Conventional  excavation  equipment  was  used 
in  the  inlet  and  outlet  shafts;  drilling  equipment  was  used  in  the 
maintenance,  vent,  and  hydraulic  instrumentation  shafts.  In  the  inlet 
and  outlet  shafts,  the  downward  vertical  excavation  was  accomplished  by 
backhoe,  but  a  roadheader  was  used  for  outward  extensions  of  the  shaft 
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walls  and  for  undercutting  the  horizontal  transition  toward  the  tunnel. 
The  harder  limy- layers  in  the  inlet  shaft  were  broken  through  by  using  a 
hydraulic  ram  attached  to  a  backhoe .  The  other  seven  shafts  were  rotary 
drilled  with  a  45-ton  Northwest  5045  crane  rig.  The  following  is  a  list 
of  the  actual  equipment  used  during  the  shaft  excavations: 

Excavation  and  Mucking 

JD  490  Backhoe  B-45  Excavator 

Cat  235  Backhoe  Mitsui  Roadheader 

Cat  205  Backhoe  Cat  Loaders  988,  96C ,  950,  931,  920 

Yamashi  Backhoe  JD  455  Loader 

Yutani  Backhoe  Case  Bobcat  Loader 

Takeuchi  TB-45  Cat  lT-28 

(with  hydraulic  ram)  Mitsubishi  Backhoe 


Cranes 


Manitowoc 

4600 

Northwest 

5045 

Manitowoc 

3900 

American 

165  ton 

Linkbelt 

100  ton 

P&H 

90  ton 

Grove 

35  ton 

Linkbelt 

20  ton 

Gallion 

18  ton 

Clark 

15  ton 

Drott  Deck  Crane 


b.  Tunnel  Boring  Machine  (TBMl .  The  entire  tunnel  was  excavated 
with  a  modified  Robbins  Model  243-217  tunnel  boring  machine  (TBM) .  The 
machine  had  been  originally  designed  for  hard  rock  tunneling  and  had 
been  previously  used  to  excavate  the  Kerckhoff  2  Tunnel  in  the  Sierra 
Nevadas  near  Fresno,  California.  Ohbayashi  engaged  Boretec,  Inc.,  of 
Scion,  Ohio,  to  renovate  and  modify  the  machine  for  the  soft  rock 
tunneling  in  San  Antonio. 

The  TBM  was  converted  from  an  open-faced  hard  rock  machine  to  a 
fully  closed  soft  rock  machine  with  articulating  shield.  A  new  main 
beam  was  installed  to  shorten  the  machine  and  to  help  moderate  the 
machine  weight.  The  front  support  shoe  was  tripled  in  length  to  better 
distribute  the  machine  weight  which  increased  from  380  tons  in  the 
original  machine  to  550  tons  with  the  Boretec  mod Lf ications .  The 
cutterhead  was  enlarged  from  a  diameter  of  24  feet,  1  inch,  to  26  feet, 

11  inches;  this  gave  an  annular  space  behind  the  liner  of  3.5  inches. 
The  main  bearing  was  replaced,  providing  an  increase  in  cutterhead 
thrust  capacity  from  1,166  tons  to  1,547  tons.  The  side-gripper  shoes 
were  enlarged  to  56  inches  by  138  inches  for  a  better  dispersing  of 
forces  exerted  on  the  tunnel  sides.  As  an  auxiliary  propulsion  system, 

12  thrust  cylinders  were  added  with  thruster  shoes  for  pushing  off  of 
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the  liner  segments;  these  thrusters  could  also  be  used  to  hold  the 
precast  segments  during  the  liner  erection.  A  ring- type  segmental  liner 
erector  was  added  within  the  back  of  the  tail  shield.  The  back  57 
inches  of  the  lower  120“  section  of  the  tail  shield  was  cut  away  to 
allow  the  placement  of  the  invert  segment  on  a  bed  of  pea  gravel. 

Although  a  complete  description  of  the  TBM  would  be  too  voluminous 
for  this  report,  there  are  several  additional  features  which  should  be 
noted.  When  fully  operational  in  the  San  Antonio  River  Tunnel,  the  TBM 
and  its  trailing  gear  was  500  feet  long;  the  length  from  cutterhead  to 
end  of  tail  shield  was  38  feet.  The  cutterhead  contained  57  disc 
cutters  of  15. 5- inch  diameter.  The  outermost  seven  discs  were  the  gauge 
cutters  which  determined  the  final  sizing  of  the  tunnel  bore.  The  outer 
perimeter  of  the  cutterhead  contained  12  bucket  scoops  which  collected 
the  muck  and  dropped  it  into  the  conveyor  system  within  the  cutterhead 
support.  The  drive  torque  for  the  cutterhead  assembly  was  provided  by 
10  single  speed,  3-phase,  AC  electric  motors,  producing  200  HP  (149  KW) 
each.  These  motors  rotated  the  cutterhead  clockwise  at  5.75  RPM.  The 
four  main  propulsion  cylinders,  hydraulic  jacks,  generated  horizontal 
thrusts  at  7.5°  outward  from  the  tunnel's  longitudinal  axis,  resulting 
in  a  forward  machine  thrust  and  a  side  thrust  on  the  gripper  pads.  This 
system  could  generate  a  total  thrust  force  of  2.64  X  10®  lbs. 

Two  methods  of  TBM  propulsion  were  provided  since  it  was 
anticipated  that  some  of  the  ground  would  be  too  soft,  or  weak,  to 
withstand  the  thrust  and  shear  forces  exerted  through  the  side  grippers. 
In  the  stronger,  stable  ground,  the  four  main  propulsion  cylinders  could 
propel  the  machine  by  pushing  the  side  grippers  against  the  tunnel  wall. 
This  method  does  not  interfere  with  preparations  for  segmental  liner 
erection  in  the  invert  area  at  the  back  of  the  tail  shield.  In  ground 
too  weak  to  withstand  propulsion  through  the  side  grippers,  Che  machine 
could  be  propelled  by  12  auxiliary  jacks  shoving  against  the  segmental 
liner.  However,  the  shove  jacks  in  this  method  obstruct  the  working 
area  at  the  back  of  Che  tail  shield  and  often  break  or  crack  liner. 

5-03.  Precast  Tunnel  Liner.  The  tunnel  liner,  which  also  provided  the 
initial  support,  consisted  of  precast  concrete  segments  installed  within 
the  protective  covering  of  the  TBM  tail  shield.  There  were  six  segments 
in  each  complete  ring  of  liner,  forming  an  inside  diameter  of  24  feet  4 
inches.  Each  segment  was  4  feet  wide  by  1  foot  thick,  weighed  8800 
pounds,  and  extended  13.78  feet  along  a  60°  degree  arc  on  the  outside  of 
the  liner.  The  bottom  three  segments  were  identical  in  shape.  The  top 
three  segments  were  skewed  7°  off  longitudinal  at  the  two  upper  joints 
to  accommodate  a  trapezoidal  "key"  segment  in  the  crown.  The  segments 
were  cast  of  6000  psi  reinforced  concrete,  and  contained  two,  2 -inch 
diameter  grout  holes  positioned  4.0  feet  lengthwise  to  each  side  of  the 
center.  These  grout  holes  were  also  used  for  erector  handling  and  for 
injecting  pea  gravel  into  the  annular  space. 

Two  types  of  joints  were  formed  by  the  segment  rings. 
Circumferential  joints  divided  the  rings  at  4-foot  intervals  along  the 
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tunnel  alignment.  Longitudinal  or  radial  joints  were  formed  where  the 
segments  joined  at  each  60°  arc  of  the  ring.  These  longitudinal  joints 
were  a  tongue  and  groove  type,  designed  by  the  contractor  rather  than 
the  specified  knuckle  type.  All  of  the  joints  contained  a  3/4- inch  deep 
by  1/4- inch  wide  groove  on  the  inside  liner  surface  for  sealant 
application.  The  sealant  used  by  the  contractor  was  Sikaflex-lA  rather 
than  the  specified  Hornseal. 

The  segment  rings  were  aligned  and  locked  together  at  the 
circumferential  joints  with  "fast-lock  dowels"  patented  by  the  segment 
manufacturer,  Sehulster  Company,  Inc.  These  dowels  were  intended  to 
prevent  joint  spreading  and  to  make  the  segment  rings  free-standing. 

Each  circumferential  joint  contained  18  equally  spaced  dowels,  3  per 
segment . 

The  segmental  liner  was  installed  with  a  circular  erector  arm  at 
the  back  of  the  tail  shield.  The  erector  picked  each  segment  up  at  the 
invert  and  rotated  it  to  its  proper  position  within  the  ring.  As  the 
TBM  excavated  forward,  exposing  4  feet  of  invert  rock  in  the  cutaway 
section  of  the  tail  shield,  a  3-inch  thick  piece  of  flexible  styrofoam 
was  set  on  the  invert  about  3  feet,  9  inches  in  front  of  the  previous 
ring.  Normally,  a  bed  of  pea  gravel  was  placed  and  graded  behind  the 
styrofoam  barrier  in  preparation  for  the  invert  segment.  At  times, 
however,  when  the  tunnel  bore  was  too  high,  the  invert  rock  was 
excavated  to  grade-cut  with  pneumatic  spades,  and  no  pea  gravel  was 
required.  The  invert  segment  would  then  be  placed  with  the  erector  and 
pushed  onto  the  dowels  of  the  previous  ring  by  the  auxiliary  propel 
jacks.  This  was  followed  by  the  placement  of  each  of  the  two  lower  rib 
segments,  which  were  backed  by  the  styrofoam  barrier  and  supported  by 
wood  blocking  at  springline.  The  upper  two  rib  segments  would  then  be 
placed,  followed  by  the  installation  of  the  key  segment  in  the  crown. 

No  styrofoam  barrier  was  placed  above  springline.  After  the  full  ring 
was  erected,  pea  gravel  was  blown  over  and  around  the  back  of  the 
segments  or  through  the  grout  holes.  The  pea  gravel  was  intended  to 
provide  the  primary  positive  structural  support.  However,  final 
stabilization  of  the  liner  was  provided  with  backpack  grouting  after  the 
trailing  gear  had  cleared  the  segments.  Complete  grouting  of  the  full 
annular  space  was  generally  achieved  at  about  200  to  250  feet  behind  the 
trailing  gear  (700  feet  from  heading),  although  this  fluctuated 
considerably . 

5-04.  Foundation  Preparation.  The  contract  requirements  for  foundation 
preparation  were  specified  for  the  most  part  under  technical  provisions 
for  placing  cast  -  in-place  structural  concrete.  Of  course  this  did  not 
apply  in  the  tunnel  because  precast  concrete  segments  were  installed 
immediately  behind  the  TBM  tall  shield,  rather  than  lining  the  tunnel 
with  cast- in-place  concrete.  Neither  did  it  specifically  apply  to  the 
large  dianieter  shafts  (outlet,  inlet,  and  maintenance  shafts)  because 
the  rock  was  initially  supported  with  shotcrete  long  before  the 
structural  concrete  was  placed.  Nevertheless,  the  specifications  state 
that  "Shale  or  clay  shale  surfaces  upon  which  concrete  is  to  be  placed 


•  •  • 


•  •  • 


22 


shall  be  clean,  free  from  oil,  standing  or  running  water,  ice,  mud, 
drummy  rock,  coatings,  debris,  and  loose  semi-detached  or  unsound 
fragments . " 

Actually,  these  conditions  were  generally  met  before  shotcrete 
applications,  largely  due  to  practical  workmanship.  The  excavation  and 
support  procedures  in  the  large  diameter  shafts  consisted  of  shotcrete 
applications  after  every  5  to  8  feet  of  vertical  excavation.  This 
procedure  prevented  long-term  exposure  and  corresponding  deterioration 
of  the  rock.  The  rock  was  massive  beyond  station  30-+94,  giving  a  smooth 
roadheader  excavation  to  station  31+89,  and  demonstrating  the  lack  of 
loose  blocks  or  drummy  areas  in  the  Taylor.  Shafts  in  the  Taylor 
required  little  or  no  foundation  preparation.  However,  the  outlet  shaft 
was  in  blocky  Navarro  ground  and  required  some  scaling  along  the  shaft 
walls  before  shotcreting.  Since  it  was  imperative  to  provide  full 
contact  between  the  initial  support  and  the  surrounding  rock,  all  over¬ 
excavations  were  fully  backfilled  with  shotcrete  as  required  by  the 
specifications . 

The  specifications  also  required  that  the  excavated  surfaces  of 
the  shafts  be  protected  immediately  upon  exposure  with  a  polyvinyl 
acetate  emulsion  resin  containing  at  least  60  percent  (t)  total  solids 
by  weight.  Some  effort  was  necessary  in  enforcing  this  requirement  as 
well  as  assuring  beneficial  applications.  Aerospray  70  (or  an  approved 
equal  product)  produced  by  American  Cyanamld  Company  was  specified,  but 
no  water  dilution  mixture  was  stipulated.  The  only  application 
requirements  were  given  under  the  specification  section  on  preparation 
for  cast- in-place  concrete  placements.  An  "expert"  with  the  supplier 
reportedly  recommended  a  sealer  to  water  ratio  of  1:20  with  an 
application  rate  of  1/4  gallon  per  square  yard.  However,  this  mixture 
appeared  too  watery  with  inadequate  results,  ai\d  the  contractor 
eventually  increased  the  ratio  to  1:10.  Where  the  material  was  more 
limy  and  less  susceptible  to  air  slaking,  the  contractor  was  allowed  to 
omit  the  resin  application  if  shotcreting  was  conducted  expeditiously. 

5-05.  Outlet  Shaft  Excavation.  The  outlet  shaft  was  excavated  and 
supported  according  to  the  contractor’s  approved  design  submittals.  The 
150-foot  deep  shaft  is  boot-shaped  consisting  of  an  initial  vertical 
section,  an  intermediate  upstream  undercut,  and  finally  a  tapering  60- 
foot  lateral  transition  to  the  tunnel.  The  entire  shaft  was  excavated 
by  backhoe  and  roadheader  with  no  blasting  required,  although  the 
specifications  provided  for  that  option.  The  backhoe  was  generally  used 
in  the  vertical  excavations,  whereas  the  roadheader  was  used  for 
undercutting  or  lateral  excavations.  The  initial  support  was  designed 
by  the  contractor  for  a  specified  rock  pressure  of  5  kips. 

Prior  to  the  excavation,  a  shaft  collar  of  interlocking  soldier 
piers  was  constructed  by  augering  a  ring  of  36- inch  diameter  holes  to  a 
depth  of  49  feet  and  backfilling  with  3000  psi  concrete.  The  ring 
consisted  of  47  piers  overlapping  each  other  by  2  inches  to  form  a  solid 
46.5-foot  diameter  collar.  The  interior  of  the  collar  was  excavated  by 


23 


•  •  • 


•  •  • 


backhoe ,  and  supported  by  10,  8  X  48  steel  circular  ribs  installed 
horizontally  on  5-foot  centers. 

The  next  19  feet  of  shaft,  from  the  bottom  of  the  collar  at 
elevation  574,  was  excavated  to  a  diameter  of  42  feet  4  inches,  and  was 
supported  with  shotcrete  and  wire  mesh.  Generally,  an  8-inch  thickness 
of  3500  psi  shotcrete  was  applied  below  the  49 -foot  depth  with  the 
reinforcement  of  two  layers  of  6  X  6  -  W6  X  W6  welded  wire  fabric.  At 
elevation  554.56,  the  shaft  excavation  began  to  widen  and  undercut 
upstream  toward  the  tunnel  portal.  As  the  shaft  was  progressively 
widened  with  depth,  its  cross-section  in  plan  view  became  increasingly 
egg-shaped.  In  plan  view,  the  downstream  half  of  the  shaft  remained 
circular,  whereas  the  upstream  portion  elongated  to  form  an  elliptical 
curve.  In  longitudinal  cross-sections,  this  intermediate  undercutting 
between  the  vertical  shaft  and  the  horizontal  transition  had  the  shape 
of  an  elbow  flexure,  and  thus  was  called  the  shaft  elbow.  The  elbow 
curvature  continued  to  the  crown  elevation  of  the  transition,  516.59,  or 
a  depth  of  106.4  feet.  Below  this  depth,  the  shaft  was  excavated 
vertically  to  invert  with  a  continuous  longitudinal  diameter  of  70  feet 
11  inches,  and  a  continuous  transverse  diameter  of  49  feet  6  inches. 

The  initial  support  below  elevation  554.56  consisted  of  a  12- inch 
thickness  of  3500  psi  shotcrete  reinforced  with  two  layers  of  4  X  4  - 
W4.7  X  W4.7  welded  wire  fabric.  Also,  18-  to  21-foot  long  rock  anchors 
were  installed,  generally  on  4-  to  5 -foot  centers  and  predominantly  in 
the  upstream  elongated  portion  of  the  shaft.  These  anchors  were  No.  10 
Dywidag  threadbars ,  cement  grouted  into  5 -inch  diameter  holes.  The 
stress  lock  off  loads  were  72  to  88  kips.  They  were  the  primary  support 
where  the  radius  of  curvature  exceeded  30  feet,  or  where  the  excavation 
had  no  curvature.  The  contractor  decided  to  install  30  additional 
anchors  below  the  108 -foot  depth  due  to  extensometer  movements  in  the 
northeast  quadrant  in  April  1989.  Due  to  shotcrete  bulging  and  cracking 
at  about  the  100 -foot  depth  in  the  northeast  quadrant,  60  additional 
rock  anchors  were  installed  between  26  September  and  15  October  1989,  by 
contract  modification  as  discussed  in  para  7-02. 

The  lateral  transition  excavation  extended  60  feet  upstream  from 
the  vertical  shaft  at  station  9+96.31  to  the  tunnel  portal  at  station 
10+56.31.  The  transition  crown  and  invert  elevations  at  station  9+96.31 
were  516.59  and  476.34,  respectively.  The  transition  crown  and  invert 
elevations  at  station  10+56.31  were  506.04  and  476.46,  respectively. 
Thus,  the  diameter  of  the  transition  tapered  from  approximately  40  feet 
at  the  shaft  to  about  30  feet  at  the  tunnel  portal. 

The  transition  was  excavated  in  three  benches  in  conjunction  with 
the  lower  40  feet  of  vertical  shaft  excavation.  Each  of  the  upper  two 
10-  to  7. 5- foot  high  benches  were  cut  when  the  vertical  shaft  had  been 
excavated  to  the  bottom  of  that  respective  level.  After  the  full  60- 
foot  length  of  the  transition  was  excavated  and  supported  for  the  first 
bench,  the  vertical  shaft  was  taken  down  another  10  feet  to  the  bottom 
of  the  second  bench,  which  was  at  springline.  After  completing  the 
shaft  excavation,  the  third  bench  of  the  transition  was  excavated  from 
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springline  to  invert. 

The  transition  excavation  was  supported  with  WIO  X  49  steel  ribs 
and  12  inches  of  3500  psi  shotcrete.  Wood  blocking  was  used  to  ensure 
that  the  ribs  were  making  full  contact  with  the  surrounding  ground;  all 
other  gaps  between  the  ribs  and  the  ground  were  filled  with  shotcrete. 
There  were  16  of  the  steel  ribs  labeled  A  through  P,  with  Rib  A  set  in 
the  first  1.5  feet  of  the  transition,  Ribs  B  and  C  set  on  3-foot 
centers,  and  the  remaining  ribs  set  on  4 -foot  centers. 

The  shaft  collar  was  constructed  between  elevation  623  and  574 
from  12  July  to  1  September  1988.  Thereafter,  the  excavation  proceeded 
in  4-  to  8-foot  vertical  tiers,  and  reached  the  bottom  elevation  of 
473.0  on  3  May  1989.  The  lateral  transition  excavation  was  completed  12 
days  later  on  15  May  1989.  See  Plates  5  through  9  for  as -built  outlet 
shaft  and  transition  geology. 

5-06.  Inlet  Shaft  Excavation.  The  inlet  shaft  excavation  followed 
lines  and  grades  similar  to  those  presented  in  the  contract  drawings, 
except  that  adjustments  were  made  to  allow  for  a  4 -inch  enlargement  of 
the  final  inside  diameter.  The  inside  diameter  of  both  the  inlet  shaft 
and  the  tunnel  were  changed  from  24  feet  to  24  feet  4  inches.  The  shaft 
was  excavated  by  backhoe  in  4-  to  13-foot  deep  tiers.  A  hydraulic  ram 
was  attached  to  the  backhoe,  when  necessary,  to  break  through  layers  of 
harder  limy  clay  shale.  The  primary  support  was  according  to  the 
contractor's  approved  design,  which  allowed  for  a  specified  rock 
pressure  of  5  kips.  Although  the  inlet  shaft  was  located  on  the  east 
bank  of  the  San  Antonio  River,  the  first  work  required  was  the 
establishment  of  a  water-free  working  environment  for  the  shaft 
excavation.  To  provide  ample  working  space,  the  river  was  diverted 
about  50  feet  to  the  south,  and  the  north  bank  was  extended  southward  on 
a  2:1  slope  to  build  a  working  surface  at  elevation  658,  18  feet  above 
the  river  level  at  elevation  640.  The  south  slope  was  protected  with  a 
2-fooc  thick  rip  rap  layer.  To  prevent  ground-water  seepage,  a  circular 
cell  of  interlocking  concrete  soldier  piers  was  constructed  around  the 
working  area.  The  piers  were  formed  by  auger ing  3 -foot  diameter  borings 
to  a  depth  of  36  feet,  which  was  5  feet  into  unweathered  clay  shale,  and 
backfilling  with  4000  psi  concrete.  Each  of  the  79  piers  overlapped 
each  other  by  3  Inches,  and  formed  an  oversized  protective  wall  around 
the  work  area,  having  an  inside  diameter  of  76  feet.  A  3.5-foot  high 
concrete  wall  was  constructed  as  a  barricade  on  top  of  the  piers  at 
ground  surface;  this  wall  reached  1.5  feet  above  the  100-year  flood 
elevation  of  660.  Once  the  interior  of  the  piers  was  excavated  by 
dozers  and  backhoe  to  the  top  of  unweathered  shale,  elevation  627,  the 
actual  shaft  excavation  was  ready  to  begin. 

The  next  step  was  to  excavate  from  the  intercell  surface  elevation 
of  627  to  elevation  608,  providing  a  3- inch  thickness  of  3500  psi 
protective  shotcrete,  and  pouring  a  4.5-  to  7.0-foot  thick  concrete 
lining  which  would  serve  as  a  footing  for  the  upper  inlet  structure. 

The  concrete  upper  structure  was  then  constructed  from  elevation  627  to 
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elevation  664,  which  was  2.5  feet  above  the  concrete  barricade  circling 
the  top  of  the  soldier  piers. 

This  upper  concrete  structure  was  rectangular  in  profile,  with  the 
longitudinal  axis  trending  N.58°E,  and  forming  a  42°  angle  with  the 
tunnel  alignment  trending  N.16°E.  The  northeast  end  was  square,  but  the 
southwest  end  was  circular,  having  an  outside  radius  of  17.0  feet  and  an 
inside  radius  of  12.5  feet.  In  plan  view,  the  structure  was  about  65 
feet  long  and  40  feet  wide  at  the  squared  end.  A  plunging  concrete 
spillway  sloped  downward  from  the  squared  end  to  direct  water  into  the 
inlet  shaft  beneath  the  rounded  end. 

The  next  section  of  shaft  excavation  from  elevation  608  to 
elevation  584  was  a  transition  in  shape  from  a  half  rectangular  and  half 
circular  shaft  of  34  feet  excavated  diameter  (25  feet  I.D.)  to  an  all 
circular  shaft  of  27  feet  4  inches  excavated  diameter  (24  reet  4  inches 
I.D.).  This  section  of  shaft  was  supported  with  a  7- inch  thickness  of 
3500  psl  shotcrete,  reinforced  with  a  layer  of  6  X  6  -  W2 . 9  X  W2 . 9 
welded  wire  fabric.  Type  1  rock  anchors,  consisting  of  18  feet  long, 

No.  10  Dywidag  threadbars ,  were  installed  on  5 -foot  centers  along  the 
non-circular  walls  as  follows:  12  anchors  at  elevation  606,  11  anchors 
at  elevation  601,  8  anchors  at  elevation  596,  5  anchors  at  elevation 
591,  and  1  anchor  at  elevation  586, 

From  elevation  584  to  elevation  559.38,  the  shaft  was  excavated  in 
a  27-foot  4- inch  diameter  circular  section.  This  section  was  supported 
by  a  5- inch  thickness  of  3500  psi  shotcrete  reinforced  with  a  layer  of 
6  X  6  -  W2 , 9  X  W2 . 9  welded  wire  fabric.  No  rock  anchors  were  required. 

Below  elevation  559.38,  the  elbow  curvature  of  the  shaft  began  to 
undercut  toward  the  tunnel  portal.  Unlike  the  outlet  shaft,  this  shaft 
was  the  same  diameter  as  the  tunnel,  and  required  no  transitional 
tapering  between  the  elbow  section  and  the  tunnel  portal.  The  shaft 
excavation  continued  to  elevation  516,  which  left  only  6.6  feet  for  the 
TBM  to  excavate  when  it  holed  through  into  the  shaft  at  invert  elevation 
509.4. 


The  elbow  excavation  was  supported  with  shotcrete  and  rock 
anchors.  The  shotcrete  was  8  inches  thick  and  reinfo’'cvd  with  one  layer 
of  4  X  4  -  W4 . 7  X  W4.7  welded  wire  fabric.  In  the  downstream  section  of 
the  shaft  where  the  radius  of  curvature  exceeded  15  feet,  rock  anchors 
were  used  for  added  support.  These  were  15 -foot  long.  No,  10  Dywidag 
threadbars,  cement  grouted  into  5- inch  diameter  holes.  The  anchors  were 
generally  spaced  on  4-  to  5-foot  centers  and  perpendicular  to  the 
shotcreted  wall.  However,  along  the  edge  of  the  elbow  curvature  they 
were  inclined  upward  at  37°. 

Construction  of  the  San  Antonio  River  Inlet  Shaft  began  at 
elevation  658  with  the  drilling  of  the  soldier  piers  on  15  June  1989. 

The  structure  supporting  the  upper  portion  of  the  excavation  was 
completed  to  elevation  608  on  14  September  1989.  The  concrete  surface 
structure  was  then  constructed  after  which  the  shaft  excavation  resumed 
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on  26  March  1990.  The  next  section,  which  was  a  transition  to  a  fully 
circular  shape,  was  completed  at  elevation  584  on  19  April  1990.  The 
shaft  excavation  was  finished  at  elevation  516,  6.6  feet  above  the 
invert  on  21  June  1990.  The  TBM  hole- through  was  on  16  March  1992.  See 
Plate  4  for  as-built  geology  of  the  inlet  shaft. 

5-07.  Maintenance  Shaft  Excavations.  The  two  maintenance  shaft 
excavations  were  performed  according  to  the  contractor's  approved 
submittal.  The  excavations  were  accomplished  primarily  by  two  drilling 
subcontractors  between  23  May  and  30  November  1988.  One  shaft  was 
located  at  station  65+89.5  on  Water  Street,  and  the  other  at  station 
124+35.9  on  Brooklyn  Avenue.  Construction  procedures  were  the  same  for 
both  shafts. 

Cato  Electric  and  Drilling  began  the  work  on  each  shaft  by 
drilling  a  ring  of  27  concrete  soldier  piers  around  the  shaft 
circumference.  These  36- inch  diameter  piers  were  intended  to  provide 
initial  support  through  the  alluvial  overburden  into  the  underlying 
weathered,  but  impervious  clay  shale.  At  Ohbayashi's  field  discretion, 
however,  the  piers  were  extended  through  the  weathered  clay  shale  into 
the  underlying  unweathered  formation  at  depths  of  36  to  42  feet.  The 
procedure  was  to  auger  every  other  pier,  and  backfill  it  with  3000  psi 
concrete.  The  intermediate  piers  were  then  augered  with  a  minimum  of  1- 
inch  overlap  on  the  adjacent  piers,  and  likewise,  backfilled  with  3000 
psi  concrete.  This  overlapping  established  an  8- inch  bearing  surface 
from  pier  to  pier,  and  provided  a  ground-water  barrier  through  the 
alluvium . 

The  21.5-foot  wide  interior  of  the  soldier  pier  ring  was  then 
excavated  by  Ohbayashi  with  a  backhoe.  To  prevent  any  possible  inward 
movement  of  the  piers,  W8  X  35  steel  rings  were  installed  at  ground 
surface,  at  about  the  15-foot  depth,  and  at  about  the  30-foot  depth. 

The  backhoe  excavation  continued  for  5  to  8  feet  below  the  piers, 
enlarging  the  diameter  to  22  feet.  Below  the  piers,  the  excavation  was 
supported  with  a  6 -inch  nominal  thickness  of  shotcrete. 

Beck  Foundation  Company  drilled  the  remainder  of  both  shafts  with 
a  Northwest  5045  crane-type  rotary  drilling  rig.  A  3-foot  diameter 
pilot  boring  was  first  drilled  to  the  122-foot  total  depth.  Then 
progressively  larger  bores  of  4  feet,  6  feet,  and  8  feet  were  drilled  to 
various  depths.  After  reaching  an  8- foot  diameter,  the  shafts  were 
enlarged  by  progressively  reaming  to  diameters  of  11  feet,  16  feet,  19 
feet,  and  finally  to  22  feet  4  inches.  The  6  inches  of  shotcrete 
support  was  generally  applied  when  a  7-foot  deep  tier  had  been  reamed  to 
the  final  diameter.  The  pilot  bore  served  as  a  catchment  for  the  drill 
cuttings,  and  was  cleaned  out  periodically  with  an  auger.  Each  shaft 
was  augered  to  7.5  feet  below  the  crown  elevation  of  the  unexcavated 
tunnel . 

The  intersection  of  the  maintenance  shafts  with  the  tunnel  was 
then  excavated  to  tunnel  springline  for  approximately  16  feet  to  each 


side  of  the  shaft  centerline.  The  excavation  was  done  by  roadheader, 
backhoe ,  and  pneumatic  spaders  in  advance  of  the  TBM  tunneling.  It  was 
supported  with  W8  X  48  steel  ribs  set  on  4- foot  centers,  shotcrete  as 
needed,  and  wooden  lagging.  The  lower  half  of  the  tunnel  was  supported 
by  the  precast  concrete  liner  as  the  TBM  completed  the  excavation  below 
springline.  Finally,  the  upper  half  of  the  tunnel  and  the  shaft 
intersection  were  formed  and  cast  with  4000  psi  reinforced  concrete. 

Detailed  data  for  these  shaft  excavations  are  recorded  on  boring 
logs  for  Hole  No.  SA-3  and  SA-5  (see  Appendix  C) . 

5-08.  Vent  Shaft  Excavations.  The  vent  shafts  were  excavated  and 
supported  according  to  the  contractor's  approved  submittal.  Three  6- 
foot  diameter  drilled  vent  shafts  were  specified  for  the  San  Antonio 
Tunnel,  and  were  to  be  lined  with  a  4- foot  inside  diameter  precast 
concrete  pipe.  However,  to  connect  the  tongue  and  groove  pipe  joints 
with  0-ring  gaskets  would  have  been  somewhat  difficult,  as  would  the 
inspection  in  these  deep,  narrow  shafts.  Therefore,  the  Government 
approved  the  contractor's  proposal  to  install  a  4-foot  inside  diameter, 
3/8-inch  thick,  steel  casing  from  the  ground  surface.  The  general  shaft 
dimensions  were  not  changed. 

In  May  and  June  1988,  Beck  Foundation  Company  augered  all  three 
vent  shafts  using  a  Northwest  5045  crane-type  rotary  drill  rig.  The 
first  vent  shaft  was  located  just  east  of  St  Mary's  Street  at  tunnel 
station  51+82.31  and  was  drilled  to  the  131.0-foot  depth.  The  second 
vent  shaft  was  located  on  Broadway  Street  just  north  of  the  downtown 
area  at  tunnel  station  108+88.28,  and  drilled  to  the  131.0  foot  depth. 
The  third  vent  shaft  was  located  on  the  east  side  of  the  San  Antonio 
River  just  south  of  the  Camden  Street  bridge  at  tunnel  station 
152+28.50,  and  was  drilled  to  the  122.0-foot  depth. 

The  general  construction  procedure  for  each  shaft  was  to  auger  an 
oversized  bore  through  the  alluvial  overburden  and  set  a  temporary 
surface  casing  into  the  impermeable  clay  shale.  The  remainder  of  the 
shaft  was  then  augered  to  a  minimal  6-foot  diameter,  and  backfilled  with 
drill  cuttings  to  the  permanent  casing  depth,  about  5  inches  above  the 
projected  tunnel  bore.  The  4.0-foot  inside  diameter  steel  casing  was 
installed  with  the  1.0-foot  wide  annular  space  backfilled  with  3000  psi 
concrete.  The  temporary  casing  was  removed  as  the  concrete  backfill 
approached  the  ground  surface. 

No  further  excavation  was  required  for  the  intersection  of  the 
vent  shafts  and  the  tunnel  other  than  minor  spading  for  a  concrete  ring 
beam  at  the  junctions.  The  TBM  excavated  through  the  bottom  of  the 
shafts  removing  the  backfill  cuttings  through  the  mucking  system.  As 
the  precast  segmental  liner  was  erected  through  the  shaft  area,  the 
crown  key  segments  were  omitted  and  replaced  by  W6  X  20  steel  sets  and 
wood  lagging.  See  Appendix  C  for  detailed  logs  of  the  vent  shaft 
borings . 


5-09.  Hydraulic  Instrumentation  Shaft  Excavations.  The  two  hydraulic 
instrumentation  shafts  for  San  Antonio  River  Tunnel  were  constructed 
according  to  the  contractor's  approved  submittal.  The  submittal 
provided  for  a  12-inch  inside  diameter.  Schedule  AO  steel-cased  shaft  as 
specified. 

Both  of  these  shafts  were  drilled  in  May  1988  by  Beck  Foundation 
Company,  using  a  Northwest  50A5  crane-type  rotary  drill  rig.  One  shaft 
was  located  near  the  outlet  shaft  at  tunnel  station  10+73.0.  It  was 
drilled  to  the  120.0-foot  depth,  and  was  backfilled  with  1.5  feet  of 
drill  cuttings  to  provide  the  permanent  casing  seating  at  the  118.5-foot 
depth.  The  other  shaft  was  located  near  the  inlet  shaft  at  station 
171+22.5.  Its  drilled  depth  was  122.0  feet  with  permanent  casing  set  a 
foot  higher  on  backfilled  drill  cuttings. 

The  general  construction  procedure  was  first  to  drill  an  oversized 
hole  through  the  overburden  and  set  temporary  casing  into  the  impervious 
clay  shale.  The  remainder  of  the  shaft  was  then  augered  at  a  24- inch 
diameter  to  the  total  depth.  The  lower  portion  of  the  hole  was 
backfilled  with  drill  cuttings  to  provide  a  casing  seating  about  5 
inches  above  the  projected  tunnel  bore.  This  was  followed  by  the 
installation  of  the  12-inch  diameter,  Schedule  40  steel,  permanent 
casing.  The  annular  space  was  backfilled  with  sand-cement  grout,  and 
the  temporary  casing  was  removed  as  the  grout  approached  the  ground 
surface . 

No  further  excavation  was  required  for  the  intersection  of  the 
shafts  and  tunnel.  The  TBM  cut  through  the  lower  portion  of  the  shaft 
and  removed  the  backfill  cuttings.  A  12-inch  diameter  hole  was  cut 
through  the  precast  tunnel  liner  to  access  the  bottom  of  the  shaft.  A 
sona  tube  form  was  secured  between  the  tunnel  liner  and  the  shaft 
casing.  The  annular  space  behind  the  tunnel  liner  was  then  filled  with 
pea  gravel,  and  finally  grouted  around  the  sona  tube.  See  Appendix  C 
for  detailed  log  of  instrumentation  shaft  borings. 

5-10.  Tunnel  Excavation.  As  discussed  in  preceding  paragraphs,  the 
tunnel  was  excavated  by  a  modified  Robins  TBM  and  supported  with  a 
precast  concrete  segmental  liner.  The  TBM  excavated  the  16, 200- foot 
long  tunnel  to  a  diameter  of  26  feet  11  inches.  The  precast  liner, 
consisting  of  six  segments  per  ring,  was  installed  within  the  TBM  tail 
shield  by  a  circular  erector  arm  located  about  38  feet  behind  the 
heading.  The  liner  segments  were  4  feet  wide  and  1  foot  thick,  giving 
the  tunnel  an  inside  diameter  of  24  feet  4  inches,  with  an  outside 
annular  space  of  3.5  inches.  The  liner  was  primarily  supported  with  pea 
gravel  blown  into  the  annular  space  and  later  grouted  with  1:1  cement 
grout  (water-cement  ratio  by  volume)  about  500  feet  or  more  behind  the 
heading.  The  specified  lines  and  grades  of  the  excavation  were 
controlled  by  laser  beam  instrumentation. 

The  tunnel  excavation  experienced  great  difficulties  for  the  first 
2000  linear  feet  from  the  outlet  shaft.  This  section  was  ultimately 
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completed  by  top  heading  excavation  with  a  roadheader  as  discussed  in 
detail  in  PART  VI,  "CHARACTER  OF  FOUNDATION  OR  TUNNELING  MEDIUM." 

After  completion  of  the  first  2000- foot  section,  the  remaining 
excavation  was  in  competent  rock  and  the  contractor  achieved  a  very  good 
rate  of  advance.  The  work  schedule  consisted  of  two  10-hour  shifts  per 
day  which  usually  included  Saturdays.  The  largest  advance  in  1  day  was 
184  feet  on  18  November  1991,  which  included  setting  of  precast  liner. 
The  contractor's  average  rate  of  advance  in  the  competent  material  was 
approximately  105  feet  per  day. 

The  backpacking  of  pea  gravel  and  grout  was  the  primary  means  of 
providing  positive  structural  support  for  the  precast  segmental  liner. 

It  was  essential  to  provide  a  stable  circular  liner  and  to  secure  that 
liner  with  a  solid,  uniformly  grouted  contact  with  the  surrounding  rock. 
The  circularity  of  the  liner  had  to  be  preserved  to  prevent  differential 
pressures  developing  around  the  tunnel.  The  annular  void  behind  the 
liner  had  to  be  completely  filled  to  prevent  deterioration  of  the 
surrounding  clay  shale  and  to  create  a  uniform  structural  contact. 
Therefore,  a  timely  and  thorough  placement  of  the  pea  gravel  and  grout 
were  crucial  not  only  as  initial  liner  support,  but  also  as  final  liner 
stabilization.  In  the  San  Antonio  River  Tunnel,  the  contractor's 
backpacking  procedures  were  very  good  and  placement  was  well  within  the 
specified  time  constraint.  The  pea  gravel  was  blown  through  two  pipes 
near  the  crown,  resulting  in  full  circum.ference  placement  four  segment 
rings  back  from  last  segment  placed.  Grout  placement  was  maintained 
approximately  200  feet  from  end  of  trailing  gear. 

The  tunnel  excavation  began  on  19  October  1989,  and  was  completed 
on  16  March  1992.  See  Appendix  E  for  tunneling  progress  data. 


PART  VI 

CHARACTER  OF  FOUNDATION  OR  TUNNELING  MEDIUM 

6-01.  General .  The  tunneling  medium  for  the  San  Antonio  River 
excavations  involved  two  differing  ground  conditions.  Soft,  weak, 
unstable,  blocky  clay  shale  of  the  Navarro  Formation  was  encountered 
from  the  tail  tunnel  of  the  outlet  shaft  to  station  30+94  on  the  tunnel 
alignment.  Stronger,  competent,  massive,  soft  to  moderately  hard  clay 
shale  of  the  Taylor  Formation  was  encountered  in  all  excavations  north 
of  the  station  30+94  fault.  Tunneling  in  the  unstable  Navarro  material 
presented  a  challenge  of  properly  supporting  the  ground  while  overcoming 
the  raveling  and  fallout  of  stress  relief.  In  contrast,  tunneling  in 
the  structurally  competent  Taylor  material  was  accomplished  with 
comparative  ease.  The  Navarro  and  Taylor  were  lithologically  similar, 
and  yet,  drastically  different  in  ground  response  to  underground 
excavation . 

6-02.  Tunneling  in  the  Navarro  Formation. 

a.  Character  of  the  Navarro  Tunneling  Medium.  The  Navarro 
material  encountered  by  the  San  Antonio  River  Tunnel  is  a  soft,  weak, 
clay-based  rock  generally  referred  to  as  clay  shale.  It  is  interbedded 
with  thin,  usually  l/lG-inch  to  1-inch  thick,  discontinuous  layers  of 
silty  sand  to  sandy  silt.  These  thin,  weak,  incompetent  beds  create 
horizontal  planes  of  weakness  which  are  crisscrossed  by  joints  and  minor 
slickensided  faults  at  various  orientations.  The  resulting  blocky 
ground  is  susceptible  to  loosening  and  fallout  due  to  stress  relief 
around  underground  openings.  In  places,  particularly  where  the 
overburden  pressure  exceeds  the  shear  strength,  the  material  has  a 
stand-up  time  of  minutes  and  will  ravel  if  not  quickly  supported.  The 
rubble  formed  by  gravity  falls  and  raveling  will  then  "run"  into 
unsupported  excavations  or  accumulate  in  rock  loads  upon  unrestraining 
(passive)  support  systems. 

These  ground  characteristics  required  a  rapidly  installed  and 
uniformly  tight  support  system.  The  contractor's  difficulty  in 
providing  such  a  system,  and  the  grounds  drastic  response  to  those 
difficulties,  will  be  described  in  the  following  paragraphs.  However, 
the  unforeseen  severity  of  ground  behavior,  such  as  fallout  above  and  in 
advance  of  the  cutterhead,  and  the  formation  of  20-  to  30- foot  high 
fallout  chambers,  obliged  the  Government  to  acknowledge  a  differing  site 
condition. 

b.  Full-Face  Tunnel  -  TBM  Excavation.  The  Navarro's  response  to 
the  TBM  excavations  was  not  fully  anticipated,  and  yet,  in  retrospect, 
is  understandable  from  a  working  knowledge  of  the  materials  in  situ 
behavior.  For  one  reason  or  another,  the  progress  of  the  TBM  through 
this  material  was  always  too  slow,  usually  about  8  to  12  feet  per  20- 
hour  workday.  The  material  excavated  in  front  of  the  TBM  could  not  be 
tightly  supported  until  it  reached  the  back  of  the  tail  shield,  a 
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distance  of  about  38  feet.  This  roughly  4-day  period  between  excavation 
and  support  allowed  uncontrolled  stress  relief  and  raveling  to  create 
cavities  to  as  high  as  30  feet  above  and  10  to  15  feet  in  front  of  the 
TBM.  The  resulting  rubble  clogged  the  cutterhead  and  ran  into  the  work 
area  at  the  back  of  the  TBM,  where  the  tail  shield  was  cut  out  below 
springline  for  liner  erection.  The  rubble  in  the  cutter  head  and  at  the 
back  of  the  TBM  had  to  be  removed  by  hand.  This  slowed  work  progress 
tremendously,  and  allowed  time  for  the  propagation  of  ground  relaxation. 
Thus,  an  unending  cycle  formed  of  slow  progress,  relaxing  ground, 
impeding  rubble,  which  once  again  produced  slow  progress. 

Of  course,  there  were  other  factors  that  also  slowed  the  progress 
and,  thereby,  frustrated  the  effort  to  provide  tight  expeditious  support 
against  the  inevitable  stress  relief.  Factors  such  as  mechanical 
malfunctions,  difficulties  in  concrete  liner  erection,  operator  errors, 
and  other  work  problems  were  generally  attributed  to  an  initial  learning 
curve.  However,  all  of  these  provided  time  for  the  ground  to  relax. 

The  Government  acknowledged  a  differing  site  condition  and  met  with  the 
contractor  and  advisors  to  develop  a  method  of  overcoming  the  stress 
relief  problem.  A  method  was  needed  to  hold  the  material  together  in 
front  of  the  TBM  and  give  the  excavation  enough  momentum  to  keep  the 
liner  support  ahead  of  the  relaxing  ground.  The  differing  site 
condition  was  acknowledged  when  the  TBM  was  halted  by  a  30-foot  high 
fallout  at  station  11+86  just  before  crossing  beneath  the  San  Antonio 
River  floodplain.  The  floodplain  provided  a  150- foot  stretch  of  open 
land  before  the  tunnel  would  extend  beneath  the  restricted  surface  area 
of  Brackenridge  High  School.  The  excavation  and  support  operation 
needed  to  reach  an  estimated  rate  of  30  to  40  feet  per  day  in  order  to 
proceed  ahead  of  stress  relief  affects  which  could  create  fallouts 
beneath  the  high  school  buildings. 

A  method  of  crown  support  from  the  ground  surface  could  be 
employed  only  across  the  open  floodplain,  but  if  the  momentum  of  the 
operation  could  stay  ahead  of  stress  relief,  surface  access  would  once 
again  be  available  beyond  the  school  buildings. 

The  relatively  low  cost  method  of  ground  support  piers  was  chosen. 
The  pier  borings  were  drilled  to  just  above  the  tunnel  crown,  a  depth  of 
approximately  100  feet.  There  were  63  piers  drilled  on  8-foot  centers, 
having  diameters  of  18  inches  with  54- inch  underreamed  bells.  The  lower 
50  feet  of  the  piers  was  4000  psi  concrete,  reinforced  with  a  No.  8 
rebar  cage,  having  a  spiral  bar  wrapped  around  four  longitudinal  bars. 
The  upper  portion  of  the  piers  was  merely  backfill  concrete.  There  were 
18  rows  on  8- foot  spacing  alternately  containing  3  piers  or  4  piers. 

The  rows  extended  from  station  11+96  to  station  13+52,  and  all  of  the 
piers  were  installed  before  tunneling  v.’as  resumed. 

The  method  proved  effective  to  a  point,  to  station  14+10.  As  the 
piers  supported  the  ground  with  only  minor  fallouts,  the  TBM  operation 
gained  momentum.  By  the  time  the  tunnel  reached  the  end  of  the  pier 
installations,  the  operation  was  making  about  30  feet  per  day.  However, 
a  mechanical  failure  beneath  the  first  high  school  building,  a  large 
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gymnasium,  broke  the  momentum.  After  about  1-1/2  days  of  downtime, 
fallout  began  with  rubble  running  into  the  tail  shield  invert.  This 
caused  additional  delay  and  stress  relief  gained  predominance  once 
again.  After  several  days,  a  fallout  cavity  in  front  of  the  TBM 
enlarged  to  about  21  feet  above  the  crown  and  to  about  10  feet  up  the 
alignment.  The  full-face  tunneling  operation  was  halted  at  this  point 
(station  14+10) .  The  fallback  was  a  top  heading  (springline  to  crown) 
relief  tunnel  excavated  back  to  the  TBM  from  an  upstream  access  shaft. 
This  will  be  discussed  in  Section  6-02. c. 

The  following  is  a  brief  chronicle  of  the  full-face  tunneling  in 
Navarro  ground; 

On  19  October  1989,  the  TBM  excavated  the  first  8  feet  of  the  San 
Antonio  River  Tunnel  beginning  at  station  10+56. 

On  21  October,  the  TBM  advance  was  blocked  by  fallout  after 
excavating  32  feet  to  station  10+88.  The  contractor  stopped  the  TBM  at 
station  10+88  because  it  was  veering  considerably  off  alignment  to  the 
northeast.  As  an  attempt  was  made  to  withdraw  the  TBM  enough  for 
alignment  correction,  blocks  of  rock  fell  around  the  cutterhead  to  about 
springline,  obstructing  its  ability  to  rotate.  The  cutterhead  was  being 
driven  by  only  6  of  its  10  200  HP  engines. 

Since  the  cutterhead  was  blocked,  the  contractor  decided  to 
withdraw  the  TBM  completely  from  the  excavation.  Concrete  gripping  pads 
had  to  be  constructed  along  the  sides  of  the  outlet  transition  in  order 
for  the  TBM  to  grip  its  walls  in  withdrawing  from  the  tunnel.  There 
were  several  days  of  delay  while  the  gripping  pads  were  constructed. 

On  27  October,  the  TBM  had  been  withdrawn  12  feet  from  the  face- 
cut  at  station  10+88.  A  fallout  chamber  had  developed  in  front  of  the 
TBM  and  extended  upward  in  a  dome  shape  to  a  white  bentonite  layer  at 
elevations  522  to  523,  15  feet  above  the  TBM. 

On  29  October,  the  TBM  was  fully  withdrawn  into  the  outlet  shaft 
transition.  More  of  the  crown  fell  away  and  enlarged  the  dome-shaped 
chamber  to  a  more  stable  limy  clay  shale  about  5  feet  above  the  white 
bentonite  layer.  This  chamber,  extending  from  the  outlet  transition  to 
the  face-cut,  was  about  47  feet  high  by  32  feet  wide  by  32  feet  long. 

On  30  October,  the  contractor  had  bulkheaded  the  tunnel  portal  and 
backfilled  the  fallout  chamber  through  a  10- inch  O.D.  boring  drilled 
from  the  ground  surface.  An  8-inch  O.D.  steel  casing  was  installed 
through  the  boring  into  the  fallout  chamber  and  2500  psi  concrete  was 
backfilled  over  the  fallout  rubble. 

TBM  tunneling  was  then  resumed  through  the  concrete  backfill  and 
rubble.  By  8  November,  enough  advancement  had  been  made  to  set  the 
first  precast  liner  ring  at  the  back  of  the  TBM  tail  shield. 

There  was  a  problem  with  side  fallout  from  the  rubble  beneath  the 
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concrete  backfill  and  overbreak  in  the  deteriorating  formation.  On 
14  November,  a  shotcrete  mix  was  pumped  behind  the  tunnel  liner  to 
stabilize  the  first  seven  precast  liner  rings. 

On  16  November,  a  fallout  area  developed  to  an  estimated  distance 
of  15  to  20  feet  into  the  east  tunnel  wall  between  liner  rings  No.  7  and 
No.  10.  Also,  at  this  time,  a  fallout  chamber  developed  in  front  of  the 
TBM  to  a  height  of  about  15  feet  and  extending  about  10  feet  upstream. 
Its  western  wall  was  formed  by  a  slrckensided  shear  plane  dipping  at 
about  55"NW. 

On  21  November,  a  wet  shotcrete  mix  was  pumped  behind  liner  ring 
No.  lo  for  stabilization. 

On  Friday,  24  November,  the  day  following  a  Thanksgiving  shut¬ 
down,  the  TBM  cutterhead  was  stuck  at  about  station  11+62.  Fallout  had 
blocked  the  cutterhead  and  formed  anottier  cavity  in  front  of  the  TBM. 
This  cavity  reached  a  height  of  12  feet  above  die  TBM  and  extended  6.5 
feet  upstream. 

On  Monday,  27  November,  after  the  Thanksgiving  weekenu,  the 
fallout  chamber  at  station  11+62  had  enlarged  to  about  15  feet  above  the 
TBM  a: d  to  about  10  feet  upstream.  Crown  material  was  resting  directly 
on  the  TB.M  behind  the  cutterhead.  Fallout  blocks  were  cleared  from  the 
cutterhead  scoop  buckets  and  tunneling  resumed  before  noon. 

On  the  morning  of  29  November,  a  considerable  amount  of  rubble  ran 
into  the  invert  as  liner  ring  No.  23  was  being  installed.  The  fallout 
rubble  entered  the  tunnel  on  the  east  side  beneath  the  TB.M  shield, 
although  niost  of  the  rock  below  springline  stood  well.  An  inspection 
through  the  TB.M  cutterhead  revealed  a  fallout  chamber  extending  about  15 
feet  upstream  and  reaching  a  height  of  about  15  feet  above  the  TBM. 
Adjoining  this  15 -foot  high  chamber,  to  the  east  and  back  over  the  TBM, 
was  a  chimney-type  chamber  extending  upward  for  at  least  another  15 
feet.  This  was  a  total  fallout  height  of  30  feet  or  more  above  the  27- 
foot  high  TBM.  The  TBM  cutterhead  was  at  station  11+86,  or  about  45 
linear  feet  south  of  the  San  Antonio  River. 

On  30  November,  the  contractor  proceeded  to  backfill  the  fallout 
chamber  with  pea  gravel,  followed  by  lean  concrete  through  a  surface 
boring.  Pea  gravel  was  also  placed  behind  the  tunnel  liner  and  grouted 
until  everything  was  stabilized  downstream  from  liner  ring  No.  23. 
Tunneling  was  otherwise  halted  until  a  meeting  was  held  with  the 
contractor  and  advisors  in  early  December  to  decide  on  how  to  proceed  in 
the  difficult  ground 

On  8  December,  managers  and  consultants  from  both  the  Government 
and  the  contractor  met  at  the  resident  construction  office  to  select  a 
mutually  agreeable  plan  for  continuation  of  the  Navarro  tunneling.  The 
concrete  belled  piers  described  in  previous  paragraphs  evolved  from  this 
meeting.  The  piers  were  the  most  economical  plan  with  merit.  The 
contractor  proposed  a  top  headir.g  tunnel  from  an  upstream  shaft  back  to 
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the  TBM  and  also  up  the  alignment  until  it  crossed  the  Navarro/Taylor 
fault.  This  was  chosen  as  an  alternative  procedure  in  the  event  that 
the  ground  support  piers  did  not  work.  The  top  heading  tunnel  would 
form  a  steel  rib  and  shotcrete  canopy  in  the  upper  half  of  the  tunnel 
and,  thereby,  allow  the  TBM  to  excavate  the  lower  half  without  fallout 
from  overhead. 

On  22  December,  the  "Notice  to  Proceed"  for  Modification  No. 

P00039  the  mod  to  construct  the  ground  support  piers  above  the  tunnel 
crown  between  stations  11+96  and  13+32  was  issued.  The  pier 
installations  were  completed  on  13  January  1990. 

On  18  January,  TBM  excavation  was  resumed.  There  was  some  initial 
fallout  around  the  first  two  rows  of  piers  due  to  loosened  rock  adjacent 
to  the  fallout  chamber  at  station  11+86.  Fallout  loading  accumulated  on 
the  tunnel  liner  and  crown  segments  suffered  considerable  cracking, 
especially  in  liner  rings  No.  31  through  No.  34.  Steel  ribs  and  plates 
were  used  to  provide  additional  support  to  the  liner  segments  above 
springline.  By  23  January,  the  TBM  was  beneath  pier  row  No.  5  and  the 
ground  was  standing  well. 

On  31  January,  a  12 -foot  high  fallout  chamber  developed  in  front 
of  the  TBM  between  stations  13+09  and  13+25.  Portions  of  the  overhead 
belled  piers  were  exposed,  but  tunneling  continued  without  much 
hinderance . 

On  3  February,  the  TBM  had  progressed  past  the  last  support  piers 
and  was  located  at  station  13+85  beneath  the  boy's  gymnasium  of 
Brackenridge  High  School.  The  liner  erection  rate  had  increased  to  as 
much  as  seven  or  eight  rings  per  day,  which  represented  about  28  to  32 
feet  of  tunneling  per  day.  Although  the  piers  did  not  totally  prevent 
fallout,  they  appeared  to  limit  the  propagation  of  fallout  where  it 
occurred.  The  TBM  operation  had  apparently  gained  enough  momentum  to 
stay  ahead  of  the  relaxing  ground.  However,  mechanical  problems  caused 
an  unfortunate  delay  at  station  13+85. 

On  4  February,  stress  relief  activity  in  the  ground  once  again 
started  fallout  problems.  As  the  side  grippers  on  the  TBM  were  released 
to  set  liner  ring  No.  74,  24  cubic  yards  of  material  ran  into  the  tail 
shield  invert.  This  caused  hours  of  additional  delay. 

On  5  February,  a  16-foot  high  fallout  chamber  had  developed  in 
front  of  the  TBM.  It  reached  the  white  bentonite  layer  at  elevation  522 
and  extended  15  feet  up  the  alignment  to  station  14+04. 

From  6  through  8  February,  the  fallout  continued  to  propagate  up 
the  alignment  as  tunneling  proceeded  slowly  from  station  13+89  to 
station  14+10.  With  the  TBM  cutterhead  at  station  14+10,  the  fallout 
chamber  extended  to  station  14+20  and  reached  a  height  of  about  21  feet 
above  the  crown.  When  additional  fallout  covered  the  TMB  cutterhead,  it 
was  decided  to  backfill  the  chamber  with  concrete. 
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On  10  February,  an  angle  boring  was  drilled  beneath  the  high 
school  gymnasium  and  the  fallout  chamber  was  backfilled  with  pea  gravel 
followed  by  4000  psi  concrete. 

Between  10  February  and  22  February,  the  fallout  rubble  was 
cleared  away  beneath  the  concrete  backfill  to  free  the  TBM  cutterhead. 
This  left  a  void  in  front  of  the  TBM  which  extended  about  10  feet  up  the 
alignment  and  about  8  feet  above  the  crown.  The  view  provided  by  this 
void  revealed  that  the  ground  was  still  loosening  with  overbreak 
occurring  on  the  sides  around  the  concrete  backfill.  The  contractor 
stabilized  the  exposed  ground  with  shotcrete. 

With  these  renewed  fallout  problems,  it  was  apparent  that  an 
alternative  tunneling  method  was  needed,  and  on  23  February,  the 
Government  issued  the  contractor  a  "Request  for  Proposal"  top  heading. 

On  27  February,  Modification  P00043  was  issued  to  cease  work  until  a  new 
method  could  be  employed.  On  28  February  1990,  the  contractor  submitted 
his  proposal  to  design  and  construct  the  top  heading  relief  tunnel  as 
discussed  in  the  8  December  consultant/managers  meeting.  See  Plate  3 
for  profile  of  fallout  chambers  between  tunnel  stations  10+59  and  14+00. 

c.  Top  Heading  Tunnel  -  Roadheader  Excavation.  Ground  behavior 
in  the  Navarro  continued  with  the  top  heading  as  had  been  experienced  in 
previous  excavations  in  the  outlet  shaft,  tail  tunnel,  and  TBM  tunnel. 
Blocks  slid  inward  along  slickensided  joints,  slabs  broke  off  along 
silty  sand  layers,  and  raveling  continued  from  place  to  place.  If  not 
quickly  supported,  loosening  ground  would  work  upward  in  this  manner 
until  it  reached  the  elevation  522  bentonite  or  the  overlying  limy  clay 
shale,  respective  heights  of  11  and  18  feet  above  the  crown.  Fallout 
chambers  developed  similar  to  those  experienced  in  the  downstream 
excavations.  The  smaller  chambers  developed  along  perimeters  set  by 
slickensided  joints.  If  not  controlled,  they  could  form  a  large  arching 
dome  as  experienced  in  the  initial  TBM  boring  and  beneath  the  high 
school  gymnasium.  Such  a  domed  chamber  developed  in  the  top  heading  at 
downstream  Rib  No.  8.  Photographs  of  the  domed  fallout  chambers  at 
these  three  locations  are  difficult  to  distinguish  from  one  another. 

The  character  and  behavior  of  the  material  remained  unchanged  throughout 
the  Navarro  fault  block. 

The  ground  had  controlled  the  TBM  excavations,  but  the  top  heading 
approach  with  the  roadheader  was  intended  to  allow  the  contractor  to 
control  the  ground.  The  top  heading  excavation  had  the  advantage  of 
giving  the  miner  direct  access  to  the  ground,  whereas  nothing  could  be 
done  to  control  the  unsupported  ground  in  front  of  the  TBM.  The  direct 
access  of  the  top  heading  allowed  the  miners  to  respond  appropriately  to 
observed  ground  behavior;  this  was  not  possible  in  front  of  the  TBM 
cutterhead.  When  unfavorable  ground  conditions  developed  in  the  top 
heading,  wary  miners  could  quickly  apply  controlling  measures  such  as 
shotcrete,  rock  bolts,  steel  ribs,  etc.  Neither  would  fallouts  block 
the  roadheader  as  it  had  with  the  TBM,  and  rubble  could  be  quickly 
removed  with  machinery  rather  than  by  hand.  However,  to  control  the 


ground  required  an  active  support  system  that  tightly  restrained  ground 
movement  and  restricted  the  three  dimensional  effects  of  stress  relief 
loosening.  It  was  not  only  important  to  control  fallouts  in  the  face 
excavations,  but  tight,  expeditious  support  was  necessary  to  control 
ground  relaxation  and  the  development  of  gravity  loads  above  the  tunnel. 

The  contractor  was  not  effective  in  controlling  Navarro  ground 
until  after  a  total  collapse  in  the  initial  top  heading  excavations. 

The  top  heading  support  failed  on  30  July  1990,  between  Rib  No.  24  and 
No.  49,  downstream  from  the  access  shaft  at  station  23+63.  The  major 
deformation  was  between  Ribs  No,  39  and  No.  49,  with  the  most  distortion 
in  Ribs  No.  42  through  No.  46.  The  collapse  is  discussed  more  fully  in 
Section  6-02. d. 

The  following  are  major  chronological  events  of  the  top  heading 
excavations  in  the  Navarro; 

Between  22  March  and  30  April  1990,  Beck  Foundation  Company 
drilled  a  22-foot  diameter,  136-foot  deep  shaft  at  tunnel  station 
23+62.9  in  front  of  Brackenridge  High  School.  The  shaft  was  drilled  953 
feet  upstream  from  the  TBM  to  provide  access  for  the  top  heading  tunnel 
construction.  It  was  also  731  feet  downstream  from  the  Navarro/Taylor 
fault  contact  at  station  30+94.  The  top  heading  excavations  were  to 
proceed  downstream  and  upstream  from  this  shaft  throughout  the  Navarro 
section  of  the  alignment. 

In  early  May,  the  bottom  of  the  access  shaft  was  excavated  to  the 
top  heading  diameter  of  32  feet  and  extended  to  the  138-foot  depth. 

Rock  anchors  were  grouted  into  this  enlarged  section  of  the  shaft. 

A  construction  staging  chamber  was  the  first  excavation  from  the 
bottom  of  the  access  shaft.  The  chamber  extended  32.7  feet  upstream  and 
24.7  feet  downstream.  It  was  excavated  in  two  stages  with  a  small 
Mitsui  roadheader.  The  upper  half  was  excavated  and  supported  with  nine 
steel  ribs  upstream  and  seven  steel  ribs  downstream.  The  lower  half  was 
then  excavated  and  supported  with  the  lower  post  of  each  rib.  Wooden 
lagging  and  shotcrete  provided  support  between  the  ribs.  The  staging 
chamber  was  completed  by  mid- June  1990. 

On  22  May  1990,  there  was  fallout  in  the  crown  just  beyond 
upstream  Rib  No.  4;  no  crown  spilings  had  been  installed  to  this  date. 
The  fallout  extended  about  8  to  10  feet  above  the  crown  to  the  white 
bentonite  layer  at  elevation  522.  The  fallout  area  was  stabilized  with 
wooden  cribbing  and  later  backfilled  with  a  shotcrete  mix.  Crown 
spilings  were  used  after  this  fallout. 

On  18  June,  the  top  heading  excavation  proceeded  downstream  from 
Rib  No.  7  of  the  staging  chamber.  This  was  the  first  use  of  the  larger 
S-90  Mitsui  roadheader  which  excavated  to  a  full  radius  of  16  feet. 

On  19  June  1990,  fallout  began  in  the  face-cut  just  beyond 
downstream  Rib  No.  8.  The  fallout  soon  undermined  the  14- foot  long 
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spilings  which  fell  inward  with  loosened  blocks  oi  rock.  A  fallout 
chamber  initially  developed  to  lA  feet  above  Rib  No.  8  and  to 
approximately  15  feet  downstream.  This  was  a  height  of  4  feet  above  the 
elevation  522  bentonite.  The  dome  of  the  chamber  eventually  raveled  out 
to  the  harder  limy  beds  at  a  height  of  17  feet  above  the  crown. 

The  period  19-21  June  was  spent  in  removing  fallout  rubble  and 
backfilling  the  chamber.  The  lower  portion  of  the  fallout  chamber  was 
first  filled  with  sand  to  act  as  a  bulkhead.  Then  the  remaining  void 
was  backfilled  with  concrete  by  pumping  through  pipes  installed  in  the 
sand. 

On  19  July  1990,  Dr.  Ralph  Peck,  the  government's  geotechnical 
consultant,  visited  the  top  heading  excavation  which  was  at  Rib  No.  36 
downstream  from  the  access  shaft.  Dr.  Peck  reported  "...  that  each  rib, 
when  erected,  was  blocked  against  the  shotcrete  (a  thin  flash-coat)  with 
timber,  and  that  timber  lagging  was  inserted  intermittently  between 
ribs.  Subsequently,  shotcrete  was  placed  around  the  blocking  and 
through  the  lagging.  In  our  discussion  I  suggested  that  it  would  be 
desirable,  if  possible,  to  eliminate  the  timber  lagging  and  blocking,  or 
at  least  to  reduce  it  substantially,  and  to  use  shotcrete  for  blocking 
the  ribs. . .  This  procedure  would  have  the  highly  desirable  effect  of 
eliminating  timber,  which  is  not  only  subject  to  deterioration,  but 
which  obstructs  final  shotcreting  in  the  spaces  behind  the  lagging." 

Dr.  Peck  suggested  secondly  "...  to  grout  the  spiling  in  the  pre-drilled 
holes.  Spiling  is  notoriously  inefficient  in  bending.  It  provides  its 
most  beneficial  effects  by  furnishing  tensile  resistance  developed  as  a 
result  of  the  bond  due  to  friction  and  adhesion  between  the  rock  and  the 
spiling.  This  bond  can  be  achieved  only  if  the  spiling  is  grouted  in- 
place  ..." 

On  30  July  1990,  the  top  heading  excavation  collapsed  with  total 
failure  of  the  8- inch  steel  ribs  between  downstream  Ribs  No.  35  and  No. 
49.  Resident  Engineer,  Keith  Allen,  and  Geologist,  Roy  Crutchfield, 
were  in  the  top  heading  just  before  the  collapse.  They  noticed  chunks 
of  shotcrete  falling  from  the  crown  at  a  slow  but  steadily  increasing 
rate.  On  closer  inspection,  Mr.  Allen  noticed  cracks  developing  in  the 
shotcrete  support  and  then  bits  of  rock  beginning  to  fall  through  the 
open  cracks.  He  informed  the  tunnel  supervisor  and  they  stopped  all 
work  to  remove  the  workers  from  the  face-area  just  before  shotcrete 
started  crumbling  and  falling  on  a  large  scale.  Within  a  few  minutes, 
the  ribs  begin  to  fail  and  depress  inward  from  the  crown.  The  drilling 
jumbo  was  crushed  at  the  face  where  it  had  been  drilling  spiling  borings 
beyond  Rib  No.  49,  the  last  rib.  No  one  was  injured. 

On  31  July,  remedial  work  on  the  cop  heading  was  underway.  Sand 
had  been  pushed  into  the  fallout  area  to  act  as  a  bulkhead  for  concrete 
backfill.  The  drilling  of  backfill  borings  began  on  the  ground  surface. 
Stabilization  work  began  within  the  Cop  heading  which  would  consist  of 
rock  bolting,  shotcreting,  and  grouting.  Preparations  were  made  to 
construct  a  reinforcement  collar  at  downstream  Rib  No.  25  to  ensure  that 
the  rock  loosening  did  not  propagate  back  to  the  access  shaft. 

38 


On  31  July,  and  1  August,  three  holes  were  drilled  from  the  ground 
surface  to  backfill  the  collapsed  area.  The  first  two  holes  were 
drilled  on  31  July  and  the  last  on  1  August.  These  were  8-lnch  diameter 
borings  with  6-inch,  ungrouted  casings.  The  ground  surface  elevation 
was  633,  and  the  top  heading  ribs  normally  crowned  at  elevation  510. 

The  borings  were  designated  as  numbers  1  through  3,  successively,  from 
the  upstream  direction,  and  were  located  respectively  at  stations  22+17 
(between  Ribs  No.  34  and  No.  35),  21+89  (between  Ribs  No.  42  and  No. 

43),  and  21+60  (between  Ribs  No.  48  and  No.  49).  The  borings 
encountered  the  top  of  the  fallout  chamber  at  respective  depths  of  97.7 
feet  (elev  535.3),  99.0  feet  (elev  534.0),  and  105.0  feet  (elev  528.0). 
The  limy  clay  shale  layers  that  usually  disrupted  the  upward  propagation 
of  fallout  were  located  between  depths  of  89.0  feet  and  104.0  feet  (elev 
544.0  and  529.0) . 

Also,  on  1  August,  water  was  discovered  flowing  into  the  top 
heading  excavation  from  behind  the  sand  and  muck  bulkhead  placed  against 
the  collapsed  ribs.  Water  was  flowing  through  the  bulkhead  at  a  few 
gallons  per  minute  with  an  accumulation  of  5  inches  of  water  in  the 
invert.  The  water  level  behind  the  bulkhead  was  measured  through 
backfill  borings  No.  1  and  No.  2.  The  water  was  at  the  top  of  the 
fallout  void  at  elevation  534,  the  99-foot  depth.  Running  water  could 
be  heard  through  the  open  ungrouted  casings  of  these  borings.  This  was 
2  days  after  the  top  heading  collapse,  and  the  day  after  the  first  two 
backfill  borings  had  been  drilled  through  an  upper  alluvial  aquifer. 

On  3  August  1990,  a  construction  management  meeting  was  held 
between  the  Government  and  the  contractor  at  the  Resident  Office. 

Mr.  Al  Mathews  attended  as  consultant  for  the  Government,  and  Mr.  James 
Wilton  of  Jacob's  Associates  attended  as  the  contractor's  consultant. 

Mr.  Mathews  advised  that  methods  of  active  support  be  used  in  all 
further  work  rather  than  the  passive  support  procedures  of  the  previous 
work.  It  was  agreed  that  the  contractor  would  submit  their  proposed 
plans  for  the  remedial  work  and  resume  excavations. 

On  24  August  1990,  a  management  and  consultants  meeting  was  held 
at  the  Resident  Office  to  discuss  proposed  plans  for  the  top  heading 
remedial  work  and  future  tunneling.  The  Governm.ent ' s  consultants  were 
Dr.  Ralph  Peck,  Dr.  Ed  Cording,  and  Mr.  Al  Mathews.  Mr.  James  Wilton 
was  present  as  the  contractor's  consultant.  Also,  Mr.  Begnt  Stillborg, 
a  representative  of  Atlas  Copco,  attended  to  suggest  a  small  diameter 
pilot  drift,  using  their  product,  Swellex  Rockbolts  (water  expanded 
hollow  bolts).  There  was  agreement  among  Government  consultants  that  an 
active  support  system,  using  proper  shotcreting  and  rockbolts,  was 
needed,  regardless  of  the  future  tunneling  method  chosen.  Several  such 
methods  were  discussed.  A  decision  on  the  best  method  would  be  made  at 
a  later  date  by  the  Contracting  Officer. 

On  4  October  1990,  the  remining  of  the  collapsed  top  heading  was 
completed  to  downstream  Rib  No.  51.  This  was  two  ribs,  or  8  feet, 
beyond  the  collapsed  section,  which  ended  at  Rib  No,  49. 
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On  9  October  1990,  the  top  heading  excavation  was  resumed  in  the 
upstream  direction  from  Rib  No.  9  of  the  staging  chamber.  The 
contractor  was  now  using  a  modified  "New  Austrian"  method  of  tunneling. 
His  new  method  blocked  the  ground  to  the  steel  ribs  with  shotcrete 
rather  than  extensive  wooden  lagging.  Spilings  were  drilled  and  grouted 
ahead  of  each  rib,  and  approximately  18  rockbolts  were  installed  in  the 
crown  between  ribs. 

On  16  October,  fallout  occurred  to  about  6  feet  above  the  crown, 
and  about  12  feet  beyond  upstream  Rib  No.  14,  on  the  east  side  of  the 
excavation.  An  extra  rib  was  installed  between  Ribs  No.  14  and  No.  15, 
and  the  fallout  cavity  was  backfilled  with  shotcrete. 

On  1  November,  a  fallout  chamber  developed  above  and  forward  of 
upstream  Rib  No.  24,  extending  above  the  bentonite  layer  at  elevation 
522.  Fallout  blocks  slid  into  the  excavation  along  a  slickensided 
plane,  dipping  at  about  50°  downstream.  The  resulting  cavity  extended 
to  12  feet  above  the  crown  and  13.5  feet  up  the  alignment.  The  cavity 
was  backfilled  with  a  shotcrete  mix. 

On  16  November  1990,  the  top  heading  had  been  extended  upstream 
from  the  access  shaft  to  Rib  No.  35.  The  excavation  was  then  resumed 
beyond  downstream  Rib  No.  51,  toward  the  TBM. 

At  the  end  of  December  1990,  the  top  heading  had  been  extended  to 
Rib  No.  107  downstream  with  no  large  fallouts  or  serious  problems. 

On  24  January  1991,  fallout  occurred  during  the  excavation  beyond 
downstream  Rib  No.  150.  The  ground  fell  inward  along  slickensided  joint 
planes  leaving  a  void  which  extended  to  a  height  of  5  feet  above  the 
crown  and  about  15  feet  downstream.  The  contractor’s  prompt  and  much 
improved  shotcreting  procedures  (which  included  a  shotcreting  robot) 
stabilized  the  loosening  ground  and  prevented  further  fallout. 

On  20  February,  there  was  fallout  along  an  inward  dipping 
slickensided  joint  at  Rib  No.  208  downstream.  The  resulting  cavity 
extended  to  4.5  feet  above  the  crown  and  about  18  feet  downstream. 
Further  fallout  was  prevented  by  prompt  shotcreting  with  the  robot. 

The  top  heading  excavation  reached  the  TBM  at  downstream  Rib  No. 
236  on  8  March  1991.  The  ground  stood  relatively  well  as  the  TBM  was 
approached.  There  were  no  signs  of  previous  stress  relief  to  within 
about  30  feet  of  the  fallout  cavity  in  front  of  the  TBM.  A  small 
portion  of  rubble  from  this  fallout  cavity  was  first  encountered  at  Rib 
No.  231,  but  the  rubble  had  been  well  grouted  through  pilot  borings.  No 
problems  occurred  in  this  reach  of  the  excavation. 

Between  12-19  March  1991,  a  staging  chamber  was  excavated  in  front 
of  the  TBM  to  the  full  tunnel  diameter.  The  chamber  was  about  40  feet 
long  between  Ribs  No.  226  and  236.  It  was  supported  with  steel  ribs  and 
shotcrete.  A  concrete  mud  slab  poured  in  the  invert  also  acted  as  a 
strut  between  the  base  of  the  ribs. 


During  the  last  of  March,  the  TBM  was  slowly  moved  forward  onto 
steel  cradle  beams  installed  in  the  mud  slab  of  the  staging  chamber. 

Once  on  the  beams,  refurbishing  began  on  the  TBM  in  preparation  for  the 
upstream  excavation  of  the  lower  half  of  the  tunnel. 

On  28  March  1991,  the  top  heading  excavation  started  upstream  once 
again  from  where  it  had  left  off  at  Rib  No.  35. 

On  11  May,  fallout  occurred  in  the  excavation  beyond  upstream  Rib 
No.  134.  The  fallout  chamber  extended  about  7  feet  above  the  crown  and 
about  8  feet  up  the  alignment.  Shotcreting  was  effective,  and  the 
ground  was  stabilized. 

On  24  May,  fallout  occurred  along  converging  slickensides ,  dipping 
inward  at  about  50°  during  the  excavation  to  set  upstream  Rib  No.  163. 
The  resulting  fallout  chamber  extended  an  estimated  20  feet  above  the 
crown  and  about  20  feet  upstream.  The  void  was  backfilled  with  a 
shotcrete  mix. 

On  the  evening  of  6  June  1991,  the  major  fault  separating  Navarro 
and  Taylor  ground  was  encountered  during  the  excavation  to  set  upstream 
Rib  No.  182.  A  slickensided  fault  plane  extended  across  the  face-cut  at 
station  30+90  and  dipped  downstream  into  the  excavation.  The  altitude 
of  the  fault  was  N .  72°E .  57°SE .  There  were  4  feet  of  fault  breccia 
between  this  slickenside  and  a  parallel  slickenside  on  the  upstream 
(Taylor)  side.  The  Taylor  slickenside  had  the  same  strike  of  N.72°E, 
but  dipped  at  59°SE.  Although  the  fault  breccia  tended  to  run  into  the 
excavation,  it  was  effectively  controlled  with  shotcrete  and  grout. 

On  11  June,  after  grouting  the  breccia,  the  excavation  advanced 
beyond  the  fault  Intercept  in  the  crown  at  station  31+04,  Rib  No.  185. 
The  Taylor  clay  shale  on  the  upstream  side  of  the  fault  was  soft,  but  it 
was  massive  and  firmly  stable.  As  expected,  there  were  no  silty  sand 
seams  as  in  the  Navarro,  and  only  one  joint  was  noted  on  the  Taylor  side 
of  the  fault.  The  Taylor  clay  shale  was  so  firm  that  excavation  with  a 
hydraulic  spade  was  too  difficult  to  be  practical,  as  it  had  been  in  the 
blocky  Navarro.  In  the  Taylor,  the  spade  only  bounced  on  the  rock 
surface  with  negligible  penetration,  whereas  the  Navarro  had  broken 
apart  easily.  However,  the  Taylor  material  was  easily  cut  by  the 
roadheader  and  stood  without  even  minor  fallouts. 

On  18  June  1991,  the  last  rib  in  the  upstream  top  heading,  Rib  No. 
200,  was  set  at  tunnel  station  31+64.  The  excavation  continued  upstream 
for  25  more  feet  to  observe  ground  stability  in  the  Taylor  clay  shale. 
The  first  17  feet  beyond  Rib  No.  200  was  supported  with  only  3  or  4 
inches  of  shotcrete,  and  the  final  8  feet  was  not  supported  in  any 
manner.  The  8 -foot  length  of  unsupported  ground  was  reduced  by  about  3 
feet  in  excavated  radius  to  13  feet.  This  unsupported  section  was  left 
open  for  6  days  before  it  was  shotcreted.  There  was  no  fallout  and  no 
obvious  desiccation  fractures.  The  rock  surface  showed  only  minor 
drying. 
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On  24  June  1991,  the  TBM  began  excavating  the  lower  half  of  the 
tunnel  with  no  significant  problems.  See  Plates  10  through  15  for  as- 
built  geology  of  the  top  heading  excavation. 

d.  Collapse  of  the  Top  Heading.  As  described  in  the  foregoing 
section,  a  100-foot  long  reach  of  the  top  heading  tunnel  collapsed 
between  downstream  Ribs  No.  24  and  No.  49  on  30  July  1990.  The  major 
failure  occurred  between  Ribs  No.  39  and  No.  49  where  the  rib  supports 
separated  at  the  crown  and  squatted  downward  about  12  feet,  crushing  the 
drill  jumbo  at  the  face.  Some  of  the  rib  footings  were  actually  pushed 
several  feet  into  the  ground.  Ribs  No.  42  through  No.  49  were  forced 
backward  in  the  downstream  direction,  and  Ribs  No.  41  through  No.  39 
were  forced  upstream  in  the  opposite  direction.  As  would  be  expected, 
the  greatest  rock  deformation  was  also  in  this  area.  Remining  at  Ribs 
No.  45  and  No.  46  revealed  that  the  normally  horizontal  bentonite  bed  at 
elevation  522-523  was  now  located  in  the  remined  face  and  distorted  into 
a  "vee"  shape.  Backfill  boring  No.  1  (above  Rib  No.  34)  encountered  the 
resulting  fallout  void  at  the  97.7-foot  depth;  this  would  be  about  25 
feet  above  the  top  heading  crown,  about  14  feet  above  the  elevation  523 
bentonite,  and  about  6  feet  into  the  overlying  limy  zone.  The  fallout 
void  was  24  feet  above  the  crown  in  backfill  boring  No.  2  (above  Rib  No. 
42),  and  18  feet  above  the  crown  in  backfill  boring  No.  3  (above  Rib  No. 
49)  . 


The  hands-on  approach  of  the  top  heading  procedure  was  intended  to 
control  the  characteristic  Navarro  behavior  which  had  previously 
dominated  the  TBM  tunneling  methods,  and  yet,  the  ground  prevailed.  The 
top  heading  collapse  was  obviously  a  failure  to  control  the  Navarro 
ground . 

The  control  of  stress  relief  in  weak  blocky  ground  requires 
relentless  vigilance  and  aggressive  ground  restraint  measures.  A 
passive  support  method  was  employed  in  the  top  heading  construction. 

This  method  primarily  involved  compressible  wooden  lagging  placed 
randomly,  as  needed,  between  8-inch  wide  steel  ribs  erected  on  4-foot 
centers;  little  to  no  shotcrete  was  used  in  the  initial  support.  Such  a 
passive  method,  rather  than  exerting  an  active,  uniform,  outward  force 
to  restrain  ground  relaxation,  allows  the  rock  to  settle  onto  the 
support  system.  Wooden  lagging  and  cribbing  makes  the  support  itself 
somewhat  compressible.  Initial  settlement  onto  the  support  actually 
induces  stress  relief  movements  which  can  propagate  further,  if  an 
equilibrium  is  not  achieved. 

The  top  heading  collapse  occurred  when  the  upward  and  outward 
propagation  of  loosening  rock  created  excessive  gravity  loading  upon  the 
support  system.  Random,  non-uniform  direction  of  these  loads,  through 
excessive  wooden  lagging,  may  have  created  bending  moments  which  would 
reduce  the  load  capacity  of  the  ribs.  In  any  case,  as  the  gravity  loads 
became  excessive,  it  is  certain  that  bearing  failure  occurred  in  the  rib 
foundations.  The  foundation  bench  upon  which  the  ribs  sat  consisted  of 
inherently  weak  material  (5  TSF  to  20  TSF) .  Unfortunately,  this  bench 
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of  material  was  allowed  to  deteriorate  with  desiccation;  it  was 
overexcavated,  and  it  was  not  protected  from  machinery  damage.  Also, 
the  top  heading  was  designed  to  be  a  composite  shell  of  ribs  and 
shotcrete  with  continuous  1.5- foot  wide  strip  footings  in  the  wall 
plate;  the  contractor  delayed  the  shotcrete,  resulting  in  individual  rib 
footings  which  proved  inadequate . 

A  number  of  the  construction  procedures  in  the  top  heading  may 
have  ultimately  contributed  to  the  collapse.  The  effects  of  stress 
relief  are  three  dimensional  in  the  ground  mass;  therefore,  every 
stimulus  to  ground  relaxation  may  contribute  to  the  overall  loosening  of 
rock  loads  upon  the  support  system.  Spilings  were  ungrouted  and 
provided  no  tensional  support  to  the  rock.  As  mentioned  above,  large 
amounts  of  irregularly  placed  wooden  lagging  was  used,  and  it  was  of 
itself  compressible  enough  to  allow  some  support  deflection  with  a 
corresponding  loosening  of  the  rock.  The  physical  placement  of  wooden 
lagging  and  cribbing  was  relatively  slow,  allowing  more  time  for  stress 
relief.  Overexcavations,  overbreaks,  and  fallouts  required  stacking  of 
the  lagging  and  cribbing  which  created  a  jujnbled  barrier  to  the  small 
amount  of  shotcrete  being  used.  The  light  shotcreting  over  this  jumbled 
lagging  was  improperly  applied  by  personnel  standing  or  sitting  in  the 
invert.  Shotcreting  response  to  fallouts  during  excavation  was 
notoriously  slow  due  to  mechanical  and  mixture  problems;  this 
contributed  to  larger  fallouts.  (A  shotcreting  robot  and  improved 
mixture  design  during  later  excavations  showed  marked  improvement  in 
fallout  control.)  A  substantial  portion  of  the  designed  shotcreting  was 
delayed  by  the  contractor  in  the  interest  of  production  rate. 

Dr.  Edward  Cording,  a  Government  consultant  for  the  tunnel, 
concluded  in  his  report  (see  Appendix  D)  "Collapse  of  the  top  heading 
occurred  because  the  support  system  installed  allowed  loosening  of  the 
rock  and  did  not  have  the  stiffness  or  capacity  to  carry  the  loosened 
loads  and  prevent  bending  and  bearing  failure  of  the  ribs."  Dr.  Cording 
also  reported  that  "The  use  of  shotcrete  of  adequate  thickness,  in 
contact  with  the  rock  and  blocked  to  the  ribs  would  have  minimized  the 
initial  loosening  that  allowed  the  rock  loads  to  develop.  Blocking  of 
the  rock  to  the  rib  with  shotcrete  would  have  also  increased  both  normal 
and  shear  stiffness  acting  on  the  steel  ribs,  thus  reducing  bending 
stresses  and  the  thrust  transmitted  to  the  footings.  Filling  of 
shotcrete  around  and  between  the  ribs  would  have  allowed  the  shotcrete 
to  become  a  part  of  the  structural  support  and  carry  a  major  portion  of 
the  moments  and  thrusts;  it  would  also  have  increased  the  bearing  area 
at  the  base  of  the  arch.  These  conditions  would  have  allowed  the  ribs 
to  remain  stable,  even  if  rock  loads  had  developed." 

Dr.  Ralph  Peck,  also  a  Government  consultant  on  the  tunnel,  stated 
in  a  letter  dated  25  February  1991,  that  he  thought  it  "likely  that  the 
collapse  was  a  direct  consequence  of  relaxation  and  consequent 
deterioration  of  the  rock  resulting  from  the  lack  of  prompt  shotcrete 
support  and  excessive  use  of  timber  cribbing  and  lagging..." 
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e.  Lower-Face  Tunnel  -  Resumed  TBM  Excavation.  The  resumed  full- 
face  TBM  excavation  was  quite  successful,  and  no  significant  problems 
developed.  The  TBM  excavation  of  the  lower  half  of  the  tunnel  began  at 
station  14+60  on  24  June  1991.  The  tunneling  rate  quickly  accelerated 
to  40  feet  per  day  and  reached  as  high  as  60  feet  per  day.  The 
accelerated  advancement  reduced  the  required  stand-up  time  for  the 
material  and  allowed  the  tunneling  operation  to  stay  ahead  of  stress 
relief  problems.  Of  course,  the  overhead  canopy  of  shotcrete  and  steel 
ribs  eliminated  fallouts  above  springline,  but  there  was  still  the 
possibility  of  material  sliding  into  the  excavation  on  the  sides. 

There  had  been  some  concern  about  failure  of  the  clay  shale  bench 
beneath  the  steel  ribs.  Therefore,  as  a  precaution,  the  contractor  had 
constructed  a  reinforced  shotcrete  wall  plate  along  the  lower  portion  of 
the  ribs.  The  purpose  of  the  wall  plate  was  to  help  cantilever  loads 
upstream  as  the  TBM  excavated  beneath  the  top  heading  canopy.  However, 
the  ground  stood  well  even  though  fractures  and  slickensided  joints 
persisted  below  springline. 

The  TBM  excavation  was  stopped  for  about  a  month  from  mid- July  to 
mid-August  at  station  21+78,  downstream  Rib  No.  44;  this  delay  was  to 
allow  for  the  installation  of  the  trailing  gear.  The  TBM  then  continued 
to  the  access  shaft  at  station  23+63,  where  the  tail  shield  was  replaced 
before  proceeding  upstream.  The  tail  shield  had  been  removed  during  the 
TBM  refurbishing  and  had  not  been  required  beneath  the  top  heading 
canopy . 

Another  concern  was  that  the  TBM  would  have  difficulty  excavating 
through  wet  ground  along  a  550- foot  stretch  of  the  upstream  top  heading. 
On  12  July  1991,  a  waterline  had  broken  and  completely  inundated  this 
stretch  of  ground.  The  water  had  filled  foundation  fractures  and  joints 
opened  by  stress  relief  and  the  disturbance  of  tunneling  machinery, 
especially  the  loaded  SIO  mucking  vehicles.  Some  of  this  water  migrated 
downstream  through  open  fractures  to  the  TBM  setting  at  station  21+78. 

On  1-2  August,  seven  shallow  borings  were  drilled  in  the  top  heading 
invert  to  evaluate  the  water  migration  and  then  to  pump  the  water  out  of 
the  ground.  Afterward,  the  ground  had  approximately  a  month  to  dry 
before  the  TBM  excavation  reached  the  inundated  area.  Also,  the  water 
had  only  seeped  along  joint  and  fracture  conduits  with  little 
penetration  into  the  clayey  material  Itself.  As  a  result,  the  TBM 
actually  had  no  problems  through  the  wetted  area. 

Some  precautionary  thought  was  given  to  grouting  the  4-foot  wide 
breccia  zone  between  station  30+90  and  station  30+94.  However,  it  was 
decided  that  the  TBM  would  span  over  this  relatively  narrow  zone,  and 
have  no  problems  such  as  nose  diving  into  the  weaker  ground.  Such  was 
the  case,  and  the  TBM  crossed  into  stable  Taylor  ground  with  no 
problems.  On  12  September  1991,  the  TBM  once  again  began  full-face 
tunnel  excavation  at  station  31+89. 


f •  Outlet  Shaft  Tall  Tunnel  -  Roadheader  Excavation.  The  14.8- 


foot  diameter  tail  tunnel  extended  147  feet  S,13°W.  from  the  south  or 
backside  of  the  outlet  shaft.  It  was,  therefore,  the  furthest  of  the 
tunnel  excavations  to  the  south,  and  remained  totally  in  characteristic 
Navarro  material.  The  formation  consisted  of  gray  to  dark  gray  clay 
shale,  with  interbedded  thin,  1/16- inch  to  1-inch  thick  layers  of 
grayish  white  silty  sand  to  sandy  silt.  The  weak  horizontal  silt  and 
sand  layers  were  crisscrossed  by  fractures  and  joints  which  were 
frequently  slickensided.  The  1-inch  thick  white  bentonite  layer  at 
elevation  492  in  the  outlet  shaft  also  extended  along  most  of  the  tail 
tunnel.  However,  it  was  faulted  upward  in  several  places  until  it 
vanished  above  the  crown  at  111.5  feet  into  the  tunnel.  Most  of  the 
major  joints  dipped  southward,  although  a  few  were  northward.  The 
average  dip  of  the  joints  was  about  43°  which  was  slightly  less  than  the 
usual  45°  to  75°  dip  of  the  outlet  shaft. 

Since  the  tail  tunnel  was  only  about  half  the  size  of  the  main 
tunnel,  the  effects  of  stress  relief  were  less  and  more  easily 
controlled.  The  occasional  small  fallouts  hardly  presented  an  obstacle 
to  work  progress.  The  largest  fallout  occurred  100  feet  into  the 
tunnel;  it  was  only  about  5  feet  in  length  and  extended  about  4.5  feet 
above  the  crown.  Other  fallouts  were  little  more  than  overbreak  in  the 
excavation  and  were  controlled  with  shotcrete.  The  hands-on  approach  of 
roadheader  tunneling  allowed  the  miners  to  quickly  respond  to  ground 
conditions.  Also,  daily  excavations  of  about  5 -foot  lengths  were  fully 
supported  with  wire  mesh  and  5  inches  of  shotcrete  before  quitting. 
Therefore,  the  ground  was  tightly  supported  in  a  timely  manner,  and 
relaxation  was  not  allowed  to  propagate.  The  Navarro  was  effectively 
controlled  in  the  smaller  tail  tunnel. 

6-03.  Tunneling  in  the  Tavlor  Formation.  The  Taylor  Formation  provided 
a  more  suitable  tunneling  medium  for  the  TBM  operations.  This  had  been 
anticipated,  although  there  was  moderate  trepidation  as  to  the  extent  of 
structural  deformation  and  ground  stress  beyond  the  Navarro  fault  block. 
The  Taylor's  persistent  massive  stability  had  been  experienced 
throughout  project  explorations  in  all  of  the  San  Antonio  River  shafts 
which  had  been  excavated  before  tunneling,  and  in  the  previously 
constructed  San  Pedro  Creek  Tunnel.  The  San  Pedro  Creek  Tunnel  had  been 
excavated  through  the  same  sequence  of  Taylor  materials  only  about  a  1/2 
mile  away.  When  the  TBM  crossed  out  of  the  Navarro  fault  block  into  the 
Taylor  Formation  at  station  30+94,  it  was  excavating  just  above  the  M-1 
marker  bed  at  nearly  the  same  horizon  as  the  initial  San  Pedro  Creek 
Tunneling.  The  massive  character  of  the  Taylor  was  not  even  affected  by 
over  150  feet  of  displacement  along  the  Navarro  fault  contact. 

Therefore,  as  in  the  San  Pedro  Creek  Tunnel,  the  Taylor  provided  a 
stable  tunneling  medium. 

North  of  station  30+94,  the  massive  Taylor  strata  was  the  only 
formation  encountered.  The  material  was  soft  enough  to  be  readily 
excavated  by  mechanical  means,  and  yet  stable  enough  to  stand  well. 

Only  occasional  minor  crown  fallouts  or  ravelings  occurred  before  the 
liner  support  could  be  provided  at  the  back  of  the  tail  shield;  these 


were  indeed  minor  and  of  little  construction  consequence.  Stress  relief 
fracturing  was  inevitable  to  some  degree,  but  proved  rather  sparse.  The 
Taylor  Formation  was  consistently  massive  and  stable  throughout  the 
remaining  14,175  feet  of  tunnel. 

It  should  be  mentioned,  however,  that  some  change  occurred  when 
the  TBM  crossed  out  of  the  upper  M-2  stratum  into  the  lower  M-3  stratum 
at  the  station  98+15  fault.  As  discussed  previously  in  Part  III,  the 
M-1  and  M-2  materials  are  more  clayey  and  not  as  strong  as  the  better 
indurated  limy  materials  of  the  M-3  through  M-5  strata.  The 
stratigraphic  changes  in  the  clay  to  calcium  carbonate  ratio  presented  a 
rather  pronounced  contrast  across  the  fault  at  station  98+15,  as  it  did 
across  the  same  fault  at  station  171+50  in  the  San  Pedro  Creek  Tunnel. 
The  M-1  and  M-2  strata,  downstream  of  the  fault,  were  dark  gray, 
unctuous,  massive,  soft  to  moderately  soft,  weak  clayey  material  having 
unconfined  compressive  strengths  normally  around  25  TSF  (only  slightly 
stronger  than  the  M-0  material  of  the  Navarro).  The  M-3  through  M-5 
strata,  upstream  of  the  fault,  were  gray  to  light  gray,  earthy,  massive, 
moderately  soft  to  moderately  hard  with  occasional  hard  lenses,  limy, 
well  indurated,  having  unconfined  compressive  strengths  averaging  about 
43  TSF  and  reaching  as  high  as  77.7  TSF.  Actually,  much  of  this  lower 
Taylor  has  the  high  carbonate/clay  mixture  of  an  indurated  marl  and 
could  be  classified  as  a  raarlstone,  or  an  argillaceous  limestone  where 
the  calcium  carbonate  predominates.  This  is  the  strongest  material  of 
the  formation. 

These  material  descriptions  on  each  side  of  the  station  98+15 
fault  give  the  predominant  characteristics  of  the  strata.  It  should  be 
noted  that  stringers  of  limy  shale  occur  occasionally  in  the  upper 
strata,  and  occasional  clayey  shale  layers  occur  in  the  lower  strata. 
However,  throughout  the  upper  and  lower  Taylor,  the  formation  was 
persistently  massive  and  structurally  stable. 

6-04.  Outlet  Shaft  Foundation.  The  150-foot  deep  outlet  shaft  was 
excavated  through  21.5  feet  of  overburden,  26  feet  of  weathered  Navarro 
Formation,  12  feet  of  moderately  weathered  Navarro,  and  90.5  feet  of 
unweathered  Navarro.  Ground  surface  was  at  elevation  623. 

The  overburden  soils  varied  around  the  shaft.  The  overburden  on 
the  east  side  of  the  shaft  was  entirely  a  gravelly  clay  fill  which 
formed  a  man-made  terrace  adjacent  to  the  San  Antonio  River.  Refuse, 
such  as  glass,  metal,  brick,  and  wood,  were  scattered  throughout  this 
gravelly  clay,  which  extended  westward  to  also  form  the  upper  7  to  11 
feet  of  overburden  on  the  other  side  of  the  shaft.  Beneath  the  fill 
material  on  the  west  side  were  intertonguing  lenses  of  silty  sand  and 
gravelly  sand  overlying  a  clayey  gravel  containing  numerous  calcareous 
concretions.  This  lowermost  layer  of  clayey  gravel  is  a  locally 
widespread  alluvial  aquifer  which  produced  200  GPM  of  water  in  the  San 
Pedro  Creek  Outlet  Shaft.  However,  the  aquifer  was  very  clayey  at  this 
location  and  produced  only  trickling  flows.  The  gravelly  clay  fill  of 
the  man-made  terrace  varied  from  dry  to  moist  with  no  water  flows.  No 
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ground  water  was  encountered  in  either  of  the  sand  lenses. 


Two  stages  of  weathering  were  observed  in  the  upper  rock 
formation.  From  the  top  of  rock  at  the  21.5-foot  depth  to  the  47.5-foot 
depth,  the  Navarro  was  a  soft,  weathered,  tan  clay  shale  with  gray 
mottling.  It  had  a  blocky  structure  with  numerous  joints  and  fractures. 
However,  there  was  a  transition  from  weathered  to  unweathered  clay  shale 
between  depths  of  47.5  feet  and  59.5  feet.  This  was  a  zone  of 
moderately  weathered,  soft,  gray  clay  shale,  having  frequent  iron- 
stained  joints  and  fractures. 

For  the  most  part,  the  unweathered  Navarro  in  the  outlet  shaft  was 
a  gray  to  dark  gray,  predominantly  soft  clay  shale.  An  exception  was  a 
lighter  gray,  moderately  soft  to  moderately  hard  limy  clay  shale  bet.Jeen 
depths  of  77  and  95  feet,  elevations  546  and  528,  respectively.  The 
formation  appeared  generally  massive  to  the  base  of  this  limy  zone. 

Below  the  limy  zone,  fractures,  joints,  and  slickensided  planes  were 
encountered.  Some  of  the  slickensides  occurred  along  extensive  linear 
planes,  having  minor  fault  displacements  of  several  inches.  Other 
slickensides  were  short,  irregular,  discontinuous,  shear  surfaces. 
Scattered  concentrations  of  greenish  gray  to  brownish  gray  bentonitic 
clay  shale  underlay  the  limy  zone  to  a  nearly  1-foot  thick,  white 
bentonite  layer  at  elevation  523.  There  was  also  a  1-inch  tliick  white 
bentonite  layer  at  elevation  492,  which  extended  just  below  springline 
through  the  transition  and  just  below  the  crown  in  the  tail  tunnel. 

Below  the  elevation  523  bentonite,  the  clay  shale  was  interbedded  with 
thin,  1/16  to  1-inch  thick  layers  of  grayish  white  silty  sand  to  sandv 
silt  layers.  These  silty  and  sandy  layers  created  horizontal  planes  of 
weakness  which  were  crisscrossed  by  fractures,  joints,  and  slickensides 
to  form  blocky  ground  below  the  100- foot  depth. 

The  blocky  ground  did  not  appear  to  be  controlled  by  particular 
joint  sets,  but  rather  was  truly  crisscrossed  with  joints  of  a  wide 
variation  in  attitude.  Although  there  were  equal  variations  in  strike, 
there  were  48  percent  more  southward  dips.  About  70  percent  of  the 
joints  were  high  angle,  above  45°,  but  they  were  also  generally  less 
than  75°.  See  Plates  5  through  9  for  as-built  geology  of  tiie  outlet 
shaft  and  transition. 

6-05.  Inlet  Shaft  Foundation.  The  149-foot  deep  inlet  shaft  was 
excavated  through  25  feet  of  overburden,  6  feet  of  weathered  Taylor 
Formation,  and  118  feet  of  unweathered  Taylor  Fon.ation.  The  ground 
surface  was  at  elevation  658. 

The  overburden  from  ground  surface  downward  consisted  of  9  feet  of 
brown  sandy  clay,  14  feet  of  gray  to  buff  fat  clay,  and  2  feet  of 
saturated  clayey  gravel.  Ground  water  was  encountered  at  elevation  644 
in  the  fat  clay  due  largely  to  secondary  permeability  of  blocky 
structure . 

The  weathered  Taylor  Formation  was  at  the  25- foot  depth.  It  was  a 
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soft,  blocky,  tan  clay  shale  with  some  buff  and  gray  mottling.  Frequent 
joints  and  fractures  formed  the  blocky  structure,  and  were  often  iron 
stained.  Healed  fractures  or  joints  were  noted  in  places.  Some 
moisture  was  noted,  but  no  free  water  was  apparent. 

The  unweathered  Taylor  was  predominantly  gray  to  light  gray, 
moderately  soft  to  occasionally  hard,  limy,  ay  shale,  or  marlstone 
that  possibly  graded  to  argillaceous  limestoi.  in  places.  There  was  a 
softer,  less  calcareous  clay  shale  in  the  upper  5  feet  between 
elevations  627  and  622,  and  a  similar  12-foot  thick  layer  about  5  feet 
below  it.  Otherwise,  the  material  was  the  hardest  and  most  stable  of 
the  project. 

Being  on  the  upthrown  side  of  the  mid-alignment  fault  at  station 
98-h15,  the  inlet  shaft  was  excavated  through  the  lower  and  more  limy 
strata  of  the  Taylor.  The  top  of  the  unweathered  formation  was  only  5 
feet  above  the  M-3  marker  bed  at  e  !.evatlon  622.  The  M-4  and  M-5  marker 
beds  were  not  perceptible  i.i  the  excavation,  but  correlated  to 
approximate  elevations  of  565  and  535,  respectively.  The  increased 
carbonate  to  clay  ratio  of  these  strata  made  the  rock  harder  and  more 
brittle,  but  also  less  susceptible  to  desiccation,  air  slaking,  and 
sloughing.  Percussion  excavation  by  hydraulic  ram  was  the  preferred 
method  in  this  harder  material.  Although  the  excavation  was  controlled 
somewhat  by  indistinct  horizontal  bedding,  the  material  would  often  tend 
to  break  in  conchoidal,  angular  patterns.  Tight,  discontinuous 
fractures  developed  along  horizontal  bedding  planes  between  elevations 
613  and  615,  at  ele\'ation  605,  and  between  elevations  560  and  570. 
However,  the  formation  was  persistently  massive  throughout  the  shaft. 
Except  for  the  two  soft  more  clayey  layers  above  the  53 -foot  depth,  the 
unweathered  formation  was  the  massive,  limy,  well  indurated  rock  typical 
of  the  lower  Taylor.  See  Plate  4  for  -built  geology  of  the  inlet 
shaft . 

6-06.  Maintenance  Shaft  Foundations.  The  two  maintenance  shafts  for 
the  San  Antonio  River  Tunnel  were  drilled  on  each  side  of  the  mid¬ 
alignment  fault  at  station  98-^15.  The  shaft  on  Water  Street  at  station 
65-1-90  is  on  the  downthrown  side  of  the  fault  and  in  the  soft  clayey 
upper  Taylor  Formation.  The  top  of  the  M-1  strata  is  at  elevation 
514.5,  the  131.5-foot  depth,  or  3.5  feet  above  the  bottom  of  the  shaft 
excavation.  The  Brooklyn  Avenue  shaft  at  station  124-1-36  is  on  the 
upthrown  side  of  the  fault  and  extends  through  the  softer,  clayey 
M-2  materials  into  the  harder,  limy  M-3  and  M-4  strata.  The  contact 
between  the  M-2  and  M-3  strata  is  at  elevation  580,  the  /1-foot  depth, 
and  the  M-4  correlates  to  elevation  535,  the  116-foot  depth,  or  12  feet 
above  the  bottom  of  the  excavation. 

The  Water  Street  maintenance  shaft  at  station  65-t-90  extends 
through  15.0  feet  of  overburden,  22.0  feet  of  weathered  Taylor 
Formation,  and  98.0  feet  of  unweathered  Taylor  Formation.  Progressively 
downward,  the  overburden  includes  1.0  foot  of  street  materials,  4.0  feet 
of  gravelly  clay,  and  10.0  feet  of  clayey  gravel.  The  weathereu  Taylor 


consists  of  tan  and  gray,  soft,  fractured  clay  shale.  The  unweathered 
Taylor  is  gray  to  dark  gray,  soft  to  moderately  soft  to  occasionally 
moderately  hard,  massive,  variably  calcareous  clay  shale.  The  formation 
stood  well  with  no  sloughing  during  the  shaft  sinking.  No  free  water 
was  encountered  in  the  overburden  or  rock  formation. 

The  Brooklyn  Avenue  maintenance  shaft  at  station  124+36  extends 
through  24.0  feet  of  overburden,  11.0  feet  of  weathered  Taylor 
Formation,  and  93.0  feet  of  unweathered  Taylor  Formation.  From  ground 
surface  downward,  the  overburden  consists  of  2.5  feet  of  clay  fill,  2.5 
feet  of  organic  clay  fill,  5.0  feet  of  sandy  clay,  8.0  feet  of  lean  to 
fat  clay,  and  6.0  feet  of  gravelly  clay.  Free  water  was  encountered  at 
the  18.0-foot  depth,  at  the  top  of  the  gravelly  clay.  The  weathered 
Taylor  is  tan  and  gray,  soft,  fractured  clay  shale.  The  upper  36  feet 
of  the  unweathered  Taylor  is  gray  to  dark  gray,  soft  to  moderately  soft 
clay  shale  with  the  remainder  of  the  formation  being  light  gray, 
moderately  soft  to  moderately  hard,  limy  clay  shale.  The  formation  was 
massive  througfiout,  and  stood  well  without  sloughing.  See  Appendix  C 
for  detailed  geologic  log  of  the  maintenance  shaft  excavations. 

6-07.  Vent  Shaft  Foundations.  Of  the  three  vent  shafts  for  the  San 
Antonio  River  Tunnel,  one  was  drilled  downstream  and  two  were  drilled 
upstream  of  the  mid-alignment  fault  at  station  98+15.  The  shaft  at 
station  51+82  on  St  Mary's  Street,  is  on  the  downthrown  side  of  the 
fault,  placing  it  in  the  soft,  clayey,  upper  Taylor  Formation.  The  top 
of  the  M-1  strata  correlates  to  elevation  527,  the  116.8-foot  depth,  or 
14.2  feet  above  the  bottom  of  the  excavation.  The  shaft  at  station 
108+88  on  Broadway  Street  is  on  the  upstream  side  of  the  fault,  and 
extends  through  the  softer,  clayey  M-1  and  M-2  strata  into  the  harder, 
more  calcareous  M-3  strata.  The  contact  between  the  M-1  and  M-2  strata 
is  at  elevation  605.8,  the  47. 8 -foot  depth,  and  the  top  of  the  M-3 
correlates  to  elevation  570,  the  83.6-foot  depth.  The  Camden  Street 
shaft  at  station  152+29  is  also  on  the  upthrown  side  of  the  fault  and 
considerably  updip  from  the  Broadway  Street  shaft.  Therefore,  nearly 
all  of  the  shaft  is  in  the  harder,  limy  clay  shale  of  the  M-3  and  M-4 
strata.  The  top  of  the  M-3  is  at  about  elevation  610,  the  43-foot 
depth,  or  just  5.3  feet  into  the  unweathered  formation.  The  top  of  the 
M-4  correlates  to  elevation  543,  the  110-foot  depth,  or  12  feet  from  the 
bottom  of  the  excavation. 

The  St  Mary's  Street  vent  shaft  at  station  51+82  extends  through 
23.0  feet  of  overburden,  23.0  feet  of  weathered  Taylor  Formation,  and 
85.0  feet  of  unweathered  Taylor  Formation.  From  ground  surface 
downward,  the  overburden  includes  1.0  foot  of  pavement  materials,  3.0 
feet  of  lean  clay,  and  19.0  feet  of  clayey  gravel.  Free  water  was 
encountered  in  the  clayey  gravel  at  the  17.0- foot  depth.  The  weathered 
Taylor  consists  of  buff  and  gray,  soft,  fractured  clay  shale.  The 
unweathered  Taylor  is  gray  to  dark  gray,  soft  to  moderately  soft  to 
occasionally  moderately  hard,  massive,  variably  calcareous  clay  shale. 
The  formation  stood  well  with  no  sloughing  during  the  shaft  sinking. 
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The  Broadway  Street  vent  shaft  at  station  108+88  extends  through 
14.0  feet  of  overburden,  32.0  feet  of  weathered  Taylor  Formation,  and 
85.0  feet  of  unweathered  Taylor  Formation.  The  overburden  consists  of  a 
foot  of  pavement  materials  overlying  13.0  feet  of  clay  and  sandy  clay. 
The  weathered  Taylor  is  tan  and  gray,  soft,  fractured  clay  shale.  The 
unweathered  Taylor  is  gray  to  dark  gray,  soft  to  moderately  soft  to 
occasionally  moderately  hard,  massive,  variably  calcareous  clay  shale  in 
the  upper  third.  The  lower  two  thirds  is  light  gray,  predominantly 
moderately  hard,  massive,  limy  clay  shale.  No  free  water  was 
encountered  in  the  overburden  or  rock  formation.  The  formation  stood 
well  without  sloughing. 

The  Camden  Street  vent  shaft  at  station  152+29  extends  through 
17.0  feet  of  overburden,  20.7  feet  of  weathered  Taylor  Formation,  and 
84.3  feet  of  unweathered  Taylor  Formation.  Progressively  downward,  the 
overburden  consists  of  4.0  feet  of  clay  fill,  2.0  feet  of  gravelly  clay, 
and  11.0  feet  of  lean  to  fat  clay.  A  trickling  flow  of  free  water  was 
noted  in  the  overburden  at  the  16. 2 -foot  depth.  The  weathered  Taylor 
consists  of  tan  and  gray,  soft,  fractured  clay  shale.  The  unweathered 
Taylor,  being  in  the  M-3  and  M-4  strata,  is  light  gray,  moderately  hard, 
massive,  well  indurated,  limy  clay  shale  throughout.  The  material 
excavated  at  this  shaft  was  very  similar  to  that  at  the  inlet  shaft;  it 
stood  exceptionally  well.  See  Appendix  C  for  detailed  geologic  log  of 
the  vent  shaft  borings. 

6-08.  Hydraulic  Instrumentation  Shaft  Foundations.  The  two  hydraulic 
instrumentation  shafts  for  the  San  Antonio  River  Tunnel  were  drilled  on 
each  end  of  the  alignment.  Therefore,  the  shaft  near  the  outlet  is  in 
the  Navarro  Formation  south  of  the  fault  at  station  30+94,  and  the  shaft 
near  the  inlet  is  in  the  lower  Taylor  Formation.  In  the  shaft  near  the 
outlet,  the  top  of  the  M-0  strata  of  the  Navarro  is  at  elevation  546, 
the  77.1-foot  depth,  or  42.9  feet  from  the  bottom  of  the  shaft.  In  the 
shaft  near  the  inlet,  the  top  of  the  M-3  strata  of  the  Taylor  is  at 
elevation  621,  the  37-foot  depth;  the  M-4,  though  not  distinguished  in 
drill  cuttings,  correlates  to  about  elevation  564,  the  94-foot  depth; 
and  the  M-5  correlates  to  elevation  534,  or  about  2  feet  below  the 
bottom  of  the  shaft. 

The  hydraulic  instrumentation  shaft  at  station  10+73,  near  the 
outlet,  extends  through  26.0  feet  of  overburden,  22.0  feet  of  weathered 
Navarro  Formation,  and  98.0  feet  of  unweathered  Navarro  Formation.  From 
ground  surface  downward,  the  overburden  consists  of  15.0  feet  of  clay 
fill,  6.0  feet  of  fat  clay,  and  5.0  feet  of  clayey  gravel.  Free  water 
was  encountered  at  the  21.0- foot  depth  at  the  top  of  the  clayey  gravel. 
The  weathered  Navarro  is  tan  and  gray,  soft,  fractured  clay  shale  with 
occasional  sandy  layers.  The  unweathered  Navarro  is  light  gray  to  dark 
gray,  soft  to  moderately  soft,  and  becoming  moderately  hard  where  limy, 
between  depths  of  77.1  and  95,1  feet,  massive  above  the  95.1 -foot  depth, 
and  jointed  with  slickensides  below  the  95.1-foot  depth.  A  white 
bentonite  layer  was  present  at  the  100-foot  depth. 
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The  hydraulic  instrumentation  shaft  at  station  171+23,  near  the 
inlet,  extends  through  26.0  feet  of  overburden,  6.0  feet  of  weathered 
Taylor  Formation,  and  90  feet  of  unweathered  Taylor  Formation.  The  26.0 
feet  of  overburden  consists  of  lean  to  fat  clay,  and  contained  a  trace 
of  free  water  at  the  contact  with  the  underlying  clay  shale.  The 
weathered  Taylor  consists  of  tan  and  gray,  soft,  fractured  clay  shale. 
The  unweathered  Taylor  is  light  gray  to  gray,  soft  to  moderately  hard, 
massive,  well  indurated,  limy  clay  shale.  See  Appendix  C  for  detailed 
geologic  log  of  the  instrumentation  shaft  borings. 

6-09.  Top  Heading  Access  Shaft  Foundation.  The  access  shaft  for  the 
top  heading  was  excavated  in  the  Navarro  Formation  at  station  23+63,  or 
731  feet  south  of  the  fault  at  station  30+94.  The  limy  clay  shale  of 
the  M-0  stratigraphic  marker  occurred  between  elevations  544  and  529, 
respective  depths  of  90  and  105  feet.  This  limy  zone  was  encountered 
between  elevations  546  and  528  in  the  outlet  shaft.  The  white  bentonite 
layer  between  elevations  523  and  522  in  the  outlet  shaft  occurred 
between  elevations  522.4  and  522.0  in  this  shaft,  at  respective  depths 
of  111.6  feet  and  112.0  feet.  These  prominent  strata  correlate  well 
horizontally  in  the  1300  feet  between  the  two  shafts. 

The  access  shaft  extended  through  27.0  feet  of  overburden,  35.5 
feet  of  weathered  Navarro  Formation,  and  75.0  feet  of  unweathered 
Navarro  Formation.  Progressively  downward,  the  overburden  consisted  of 

1.5  feet  of  gravel,  17.5  feet  of  gravelly  clay,  and  8.0  feet  of  fat 
clay.  The  weathered  Navarro  was  tan  and  gray,  soft,  fractured  clay 
shale.  The  unweathered  Navarro  was  gray  to  dark  gray  clay  shale  which 
was  mostly  soft  to  moderately  soft.  However,  it  became  light  gray  and 
moderately  hard  in  the  limy  M-0  marker  bed.  It  was  massive  in  the  upper 
shaft,  but  became  frequently  fractured  and  jointed  with  slickensides 
below  the  base  of  the  limy  strata  at  the  105-foot  depth.  Below  the 
elevation  522  bentonite,  it  contained  numerous  thin  whitish  gray  silty 
sand  to  sandy  silt  seams  along  horizontal  bedding  planes.  No  free  water 
was  encountered  in  the  overburden  or  rock  formation.  There  was  some 
overbreak  in  the  lower  shaft  excavations,  but  these  were  relatively 
small.  The  ground  stood  suitably,  and  there  were  no  significant 
construction  problems. 

6-10.  Top  Heading  Alignment  Shaft  Foundation.  This  24-inch  O.D.,  12- 
inch  I.D.  shaft  was  drilled  at  station  21+55  by  the  contractor  to  help 
align  the  top  heading  excavation.  It  was  located  208  feet  downstream 
from  the  access  shaft  and  939  feet  south  of  the  fault  at  station  30+94. 
The  limy  M-0  was  encountered  between  elevations  543.7  and  528.7, 
respective  depths  of  89.0  and  104.0  feet.  The  white  bentonite  layer 
occurred  between  elevations  521.7  and  521.1,  respective  depths  of  111.0 
and  111.6  feet.  The  elevations  of  these  beds  in  the  alignment  shaft 
correlate  with  those  in  both  the  access  shaft  and  the  outlet  shaft. 

This  alignment  shaft  extended  through  26.0  feet  of  overburden, 

28.5  feet  of  weathered  Navarro  Formation,  and  68.5  feet  of  unweathered 
Navarro  Formation.  Progressively  downward,  the  overburden  consisted  of 


0.2  foot  of  lean  clay,  5.8  feet  of  gravel,  8.0  feet  of  silty  sand,  4.0 
feet  of  gravelly  clay,  and  8.0  feet  of  fat  clay.  The  weathered  Navarro 
was  tan  and  gray,  soft,  fractured  clay  shale.  The  unweathered  Navarro 
was  mostly  gray  to  dark  gray,  soft  to  moderately  soft  clay  shale.  It 
became  light  gray  and  moderately  hard  in  the  limy  M-0  marker  bed.  It 
appeared  massive  to  the  white  bentonite  layer  at  the  111.0-foot  depth, 
after  which  slickensided  drill  cuttings  indicated  frequent  fractures. 
Also,  silty  sand  to  sandy  silt  partings  were  noted  in  the  cuttings  below 
the  bentonite  layer.  No  free  water  was  encountered  throughout  the 
shaft,  and  the  ground  stood  suitably  for  the  installation  of  the  12 -inch 
diameter  steel  casing. 
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PART  VII 

FOUNDATION  TREATMENT 


7-01.  General ■  Contractually,  there  was  no  major  foundation  treatment 
required  for  the  tunnel  or  shafts.  However,  two  of  the  support 
procedures  may  also  be  considered  methods  of  foundation  treatment. 

These  two  operations  were  the  rock  anchor  installations  in  the  shafts 
and  the  grouting  of  the  tunnel  liner.  Although  both  the  rock  anchors 
and  the  grouting  were  required  as  part  of  the  excavation  support,  they 
may  also  be  considered  foundation  treatment  in  that  they  enhanced  the  in 
situ  stability  of  the  rock  formation.  This  is  also  true  of  the  rock 
anchors,  spilings,  and  grouting  used  as  remedial  measures  in  the  top 
heading  construction.  These  operations  have  been  described  as  support 
procedures  in  Parts  V  and  VI,  but  are  further  discussed  in  this  section. 

7- 02.  Rock  Anchors .  There  were  four  general  types  of  rock  anchors  used 
on  the  San  Antonio  River  project.  Type  I  and  Type  II  rock  anchors  were 
used  in  the  outlet  shaft.  Type  I  and  Type  III  rock  anchors  were  used  in 
the  inlet  shaft.  Type  V  rock  anchors  were  used  in  the  top  heading 
construction.  (Type  IV  rock  anchors  were  used  on  San  Pedro  Creek 
project.)  The  type  differences  consisted  of  variations  in  length  and 
corresponding  bonding  capacities.  The  rock  anchors  were  normally 
stressed  to  design  loads  and  then  locked  off  at  80  percent  of  that  load 
which  varied  with  the  length  of  the  rock  anchor.  Type  I  rock  anchors 
were  18  feet  long,  had  a  design  load  of  90  kips,  and  a  lock-off  load  of 
72  kips.  Type  II  rock  anchors  were  21  feet  long,  had  a  design  load  of 
110  kips,  and  a  lock-off  load  of  88  kips.  Type  III  rock  anchors  were  15 
feet  long,  had  a  design  load  of  100  kips,  and  a  lock-off  load  of  80 
kips.  The  Type  III  anchors  were  used  exclusively  in  the  better 
Indurated  rock  at  the  inlet  shaft,  and  thus  had  a  higher  bonding 
capacity  for  the  shorter  length  of  anchor.  Type  V  rock  anchors  were  14 
feet  long,  had  a  design  load  of  28  kips,  and  a  lock-off  load  of  20  kips. 

All  four  types  of  rock  anchors  were  similar  in  materials  and 
construction.  The  first  three  were  No.  10  Dywidag  threadbars,  and  were 
cement  grouted  into  5- inch  diameter  holes.  The  anchor  grout  was  a  non- 
corrosive  expansive  admixture  with  a  minimum  28-day  compressive  strength 
of  3000  psi.  The  recommended  pumping  pressure  for  the  grout  was  30  psi. 
PVC  spacers  were  used  at  equal  distances  along  the  boring  to  keep  the 
anchor  in  the  center  of  the  hole.  A  2 -inch  thick,  5 -inch  diameter 
styrofoam  donut  was  placed  around  the  anchors  at  the  1.0  to  1.5 -foot 
depth  to  act  as  a  grout  barrier;  the  styrofoam  was  also  supposed  to 
provide  a  compressible  cushion  which  would  allow  the  anchor  bar  to  move 
if  the  bonding  capacity  was  exceeded  during  the  stress  loading.  The 
outer  foot  or  so  of  hole  beyond  the  styrofoam  donut  was  backfilled  with 
dry-pack  cement  around  a  PVC  bond  breaker  covering  the  anchor  bar.  An 

8-  to  10- inch  square,  1.5 -inch  thick  Dywidag  bearing  plate  was  installed 
against  the  shotcreted  shaft  surface  at  the  outer  end  of  the  anchor  bar. 
Type  V  anchors  were  No.  8  Dywidag  threadbars,  cement  grouted  into  3 -inch 
diameter  holes,  but  were  otherwise  similar  to  Types  I  through  III. 
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The  design  of  these  rock  anchors  provided  a  support  effect  similar 
in  principal  to  "soil  nails"  rather  than  typical  rock  bolts.  Soil  nails 
are  normally  relatively  short  steel  bars  of  a  fully  bonded  length 
installed  as  reinforcing  inclusions  to  the  in  situ  ground.  Usually 
closely  spaced,  they  produce  a  zone  of  reinforced  ground  which  performs 
in  a  manner  similar  to  a  retaining  wall.  Soil  nails  are  not  stressed, 
although  it  is  common  to  apply  a  small  seating  load.  Unlike  soil  nails, 
rock  bolts  are  stressed  after  installation,  with  the  load  transferred 
along  a  distal,  fixed  anchorage  length;  this  distal  anchorage  binds  the 
unbonded  outer  rock  to  the  more  stable  ground  mass  at  depth.  These  rock 
anchors  were  stressed  like  rock  bolts,  and  yet,  like  soil  nails,  they 
were  bonded  for  nearly  their  entire  length.  Only  the  outer  1.0  to  1.5 
feet  of  bar  length  was  unbonded.  Considering  the  thickness  of 
shotcrete,  this  left  only  the  outer  few  inches  to  1.0  foot  of  rock 
unbonded,  and  the  stressing  load  was  distributed  along  the  rest  of  the 
bar.  Therefore,  the  rock  anchors  o.cted  as  stress  loaded  soil  nails 
rather  than  bolts  anchored  at  depth. 

In  any  case,  these  rock  anchor  "nails"  apparently  provided  an 
effective  reinforcement  in  the  massive  rock  of  the  inlet  and  upper 
outlet  shafts  and  no  support  problems  developed.  However,  in  jointed, 
more  thinly  stratified,  blocky  ground  in  the  lower  elevations  of  the  San 
Antonio  River  Outlet  shaft,  these  anchor  nails  possibly  were  less 
effective  than  longer  typical  rock  bolts  having  a  distal  anchorage  at 
depth.  Apparent  block  movements  occurred  below  the  100-foot  depth  in 
the  northeast  quadrant,  bulging  and  cracking  the  shotcrete  lining,  and 
requiring  60  additional  40- foot  long  anchors.  These  anchors  were 
installed  by  contract  modification  and  consisted  of  40-foot  long.  No.  II 
rebar  grouted  in  a  5-inch  diameter  drilled  boring.  The  anchors  were 
installed  perpendicular  to  the  shaft  face.  The  anchors  were  installed 
in  the  northeast  quadrant  of  the  shaft  on  approximate  10- foot  centers 
between  existing  rock  anchors  and  between  elevations  500  and  528.  In 
addition  to  the  rock  anchors,  the  modification  provided  for  removal  of 
spalled  shotcrete  and  repair  with  epoxy  grout  and  grouting  of  existing 
cracks.  The  modification  also  provided  for  installation  of  two 
additional  3-position  MPBXs  at  elvation  518,  and  one  rock  bolt  load  cell 
at  elevation  523.  Upon  completion  of  the  above  modification,  no  further 
cracking  was  noted  in  the  shotcrete,  and  no  unusual  rock  movement  was 
detected  bv  the  instrumentation.  It  is  significant  to  mention  that 
random  failure  and  creep  tests  performed  on  Type  I  rock  anchors  in  the 
lower  outlet  revealed  load  capacities  of  only  16  to  38  kips  in  the  soft 
blocky  rock. 

In  the  top  heading  construction,  rock  anchors,  and  spilings  as 
well,  appeared  effective  in  controlling  weak,  blocky  ground  when  used 
with  proper  shotcreting  techniques.  It  was  found  that  expeditious, 
knowledgeable,  coordinated  applications  of  these  measures,  created  an 
active  support  system  that  restrained  the  propagation  of  ground 
movements,  and  helped  the  ground  itself  to  maintain  a  supportive 
equilibrium.  However,  efficient  shotcreting  in  time  and  methodology  was 
crucial . 
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7-03.  Tunnel  Liner  Grouting.  Grouting  of  the  annular  space  between  the 
tunnel  liner  and  the  surrounding  rock  was  primarily  to  establish  a  solid 
contact  between  the  liner  and  the  rock,  but  it  also  consolidated  the 
surrounding  rock  by  filling  open  fractures,  joints,  and  occasional 
elongated  voids  left  by  block  settlements  in  the  crown.  Grouting  behind 
tunnel  liners  is  usually  called  backpack  grouting,  and  is  largely  for 
support.  The  grouting  of  fissures  and  voids  in  the  loosened  rock 
surrounding  tunnels  is  referred  to  as  consolidation  grouting,  and  is 
predominantly  a  stabilization  treatment.  Consolidation  grouting  often 
requires  the  drilling  of  grout  holes  to  the  depth  of  formation 
disturbance,  and  this  was  done  in  the  San  Antonio  River  Tunnel  where 
substantial  ground  movements  occurred  in  the  blocky  Navarro  material. 
However,  the  backpack  grouting  also  provided  ground  consolidation. 
Therefore,  backpack  grouting  and  consolidation  grouting  were  effectively 
accomplished  in  the  same  operation  as  the  grout  pumped  behind  the  liner 
penetrated  well  into  the  adjoining  joints  and  fractures.  Further 
consolidation  was  required  only  in  fallout  zones. 

The  grouting  procedure  proved  to  be  reasonably  thorough,  although 
it  was  done  in  patchwork  fashion.  The  procedure  was  to  grout  in 
horizontal  strips  at  various  locations  with  a  general  upward  progression 
from  the  invert  holes.  Two,  2 -inch  diameter  grout  holes  were  precast 
into  each  liner  segment  which  allowed  the  upper  holes  to  provide  venting 
and  observation  ports.  Injection  holes  were  moved  vertically  and 
horizontally  beyond  holes  which  were  plugged  due  to  previous  grout 
flows.  Adjoining  grout  sections  would  overlap  previous  grouting,  or 
upstream  grouting  sections  would  merge  with  advancing  downstream 
sections.  Grouting  at  the  crown  flowed  ahead  and  required  sustained 
pumping  at  gravity  flow  until  pressure  could  be  obtained.  In  some  areas 
a  secondary  grouting  which  could  maintain  pressure  was  required.  This 
method  eventually  produced  a  forward  slope  of  grout  from  a  downstream 
injection  point  in  the  crown  to  an  upstream  edge  in  the  invert,  covering 
approximately  200  feet  of  alignment.  The  grout  was  a  1:1  cement  to 
water  ratio  by  volume,  and  was  pumped  at  a  maximum  pressure  of  28  psi. 

Quantitative  data  on  the  pea  gravel  and  grout  placement  show  that 
the  primary  backfilling  extended  well  around  the  liner  into  the  crown 
annular  space.  The  volume  of  the  3. 5- inch  wide  annular  space  was 
calculated  to  be  98  cubic  feet  per  4-fooC  liner  ring;  however,  it  should 
be  noted  that  part  of  this  void  was  no  doubt  filled  with  rock  cuttings 
or  rubble  in  places.  A  pea  gravel  density  of  95  pounds  per  cubic  foot 
was  used  to  compute  the  amount  of  pea  gravel  backfilled  behind  the 
rings,  which  averaged  46  cubic  feet  per  ring.  The  average  placement  of 
grout  per  ring  was  estimated  at  55  cubic  feet.  The  pea  gravel  volume 
included  approximately  40  percent  voids  which  would  consume  part  of  the 
grout  placement.  Therefore,  of  the  98  cubic  feet  of  annulus  behind  each 
ring,  46  cubic  feet  were  filled  with  pea  gravel  and  37  cubic  feet  were 
filled  with  grout.  This  gave  an  average  of  83  cubic  feet  of  backfilled 
pea  gravel  and  grout  which  was  85  percent  of  the  annular  space.  Since 
much  of  the  invert  liner  was  placed  directly  on  the  excavated  surface, 
most  of  the  void  was  in  the  crown  rather  than  arranged  concentrically 


into  a  3. 5 -inch  wide  annular  space.  Thus,  the  85  percent  backfill  would 
extend  well  into  the  crown  area  after  the  primary  pass  of  grouting. 

The  85  percent  backfill  estimate  may  be  considered  a  best  case 
scenario  since  it  is  based  on  bulk  placement  quantities  and  ignores 
material  wastage.  On  the  other  hand,  this  wastage  would  be  partially 
offset  or  possibly  exceeded  in  places  by  the  volume  of  rock  settlement 
and  ravelings.  Also,  the  amount  of  grout  required  to  fill  the  pea 
gravel  voids  is  somewhat  speculative  and  subject  to  variables  such  as 
the  presence  of  extraneous  moisture  and  granular  fines.  In  any  case, 
the  remaining  annular  space  was  filled  by  secondary  pressure  grouting 
conducted  in  crown  borings  spaced  on  50- foot  centers  along  the  entire 
tunnel  alignment.  When  the  TBM  resumed  full-face  excavation  after 
crossing  the  fault  at  station  30+90,  placement  of  pea  gravel  and  liner 
grouting  progressed  very  well  with  full  circumference  grouting  completed 
within  200  feet  of  the  TBK  trailing  gear. 

As  discussed  in  previous  sections  of  this  report,  considerable 
remedial  drilling  and  grouting  were  done  between  stations  10+60  and 
14+10  where  numerous  fallouts  were  experienced  in  the  soft  Navarro 
Formation.  Grout/exploratory  holes  were  drilled  through  the  liner, 
primarily  in  areas  of  major  fallouts,  and  encountered  pea  gravel 
backpacking,  mass  concrete  used  to  fill  the  fallout  void,  and  then 
penetrated  from  2  inches  to  10  feet  into  the  clay  shale.  A  pattern  of 
six  holes  spaced  evenly  around  the  upper  third  of  the  lining  was  drilled 
in  designated  liner  segments.  Moderate  to  high  grout  takes  were 
experienced  in  the  following  liner  segments: 

Segment  No.  Cubic  Feet  of  Grout  Placed 


2 

405 

3 

127 

k 

405 

10 

1,747 

157 

17 

283 

19 

154 

20 

834 

27 

432 

29 

780 

30 

141 

33 

251 

34 

2,161 

47 

845 

55 

307 

61 

320 

62 

155 

73 

698 

75 

274 

78 

190 

82 

353 

88 

197 

56 


See  Plate  3  for  location  of  above  liner  segments  in  relation  to  the 
excavation  fallouts/overbreak. 

Grouting  and  concrete  filling  of  fallouts  in  the  top  heading  reach 
are  discussed  in  detail  in  PART  VI,  "CHARACTER  OF  FOUNDATION  OR 
TUNNELING  MEDIUM." 

On  4  February  1992,  the  tunnel  excavation  encountered  a  heavy 
ground-water  inflow  at  approximate  station  144+20  (liner  segment  No. 
3322) .  The  flow  was  coming  from  an  apparent  artesian  well  and  entered 
the  excavation  on  the  right  side  above  the  springline.  The  flow  was 
estimated  at  ±300  GPM.  Excavation  was  halted  and  the  Haliburton  Company 
was  called  in  to  construct  a  "bulkhead"  behind  liner  segments  No.  3322 
and  segment  No.  3332  using  a  chemical  grout.  The  chemical  grouting  met 
with  limited  success.  The  contractor  then  managed  to  control  the  flow 
with  pipe  headers  and  the  water  was  discharged  to  the  surface  via  the 
Brooklyn  Street  maintenance  shaft.  The  tunnel  excavation  continued  on 
12  February  and  the  contractor  eventually  reduced  the  inflow  through  the 
liner  to  less  than  5  GPM  by  grouting  through  the  pipe  headers.  In  July 
1992,  the  contractor  performed  systematic  drilling  and  grouting  on  4- 
foot  centers  between  liner  segments  3325  and  3330  to  completely  seal 
leakage  through  the  concrete  liner.  Each  grout  ring  consisted  of  eight 
grout  holes,  two  each  in  right  and  left  segments  below  springline  and 
two  each  in  right  and  left  segments  above  springline.  All  holes  were 
drilled  to  a  depth  of  15  feet.  The  grout  consisted  of  a  3:1  water- 
cement  ratio  and  was  pumped  at  a  maximum  pressure  of  50  psi.  The  grout 
communicated  through  the  segment  joints,  which  were  subsequently  packed 
off.  Very  little  grout  was  placed  behind  the  concrete  liner.  Upon 
completion  of  grouting,  leakage  through  the  liner  was  reduced  to  a 
"trickle"  in  one  spot  located  in  the  tunnel  invert. 


PART  VIII 

CONSTRUCTION  MATERIALS 


The  earth  materials  used  in  the  Phase  II  tunnel  construction 
consisted  of  pea  gravel  and  concrete  aggregate.  These  materials  were 
obtained  from  local  San  Antonio  suppliers.  The  pea  gravel  used  as 
tunnel  liner  backfill  was  supplied  by  Capitol  Aggregates,  Inc.,  11551 
Nacogdoches.  Cast- in-place  and  backfill  concrete  were  obtained  from 
Pioneer  Concrete  of  Texas,  Inc.,  15080  Tradesmen,  and  contained 
aggregate  supplied  by  Redland  Worth  Corporation,  located  at  17910  IH-10 
West.  The  concrete  for  the  precast  liner  segments,  manufactured  by 
Sehulster  Corporation,  7386  Grissom  Road,  was  supplied  by  Meader 
Construction  Company,  Inc.,  whose  plant  was  nearby  at  7510  Grissom  Road. 
Aggregate  for  the  Meader  concrete  was  provided  at  first  by  Redland  Worth 
Corporation,  but  later  by  Vulcan  Materials  Company.  The  Vulcan 
Materials  Office  was  located  at  800  Isom  Road,  however,  the  aggregate 
came  from  a  limestone  quarry  on  Huebner  Road,  relatively  close  to  the 
precast  plant.  Concrete  aggregate  analyses  were  included  in  the  mix 
design  submittals  which  were  reviewed  and  approved  by  the  Government. 
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PART  IX 

GEOTECHNICAL  INSTRUMENTATION 


9-01.  General .  The  contract  specifications  provided  for  a  geotechnical 
instrumentation  program  to  monitor  ground  behavior  at  the  outlet  shaft, 
inlet  shaft,  and  six  designated  stations  in  the  San  Antonio  River 
Tunnel,  The  Contractor,  Ohbayashi  Corporation,  retained  the  services  of 
Woodward- Clyde  Consultants  to  implement  the  program.  The 
instrumentation  was  designed  to  monitor  any  ground  movements  and/or 
stress  developments  around  the  excavations  with  the  intent  to  provide 
data  for  safety  observations,  design  verification,  and  future  design 
applications.  Immediate  notification  of  the  Government  was  required 
during  construction  when  ground  movements  exceeded  0.25  inch,  or  when 
stress  exceeded  5  kips  (34.7  psi)  in  the  outlet  and  inlet  shafts,  or 
when  stresses  greater  than  5  tsf  (69.4  psi)  were  indicated  in  the 
tunnel.  These  parameters  were  not  exceeded  in  the  inlet  shaft. 

However,  they  were  exceeded  in  the  outlet  shaft  and  in  the  tunnel.  Due 
to  excessive  extensometer  movements  with  bulging  and  cracking  shotcrete 
lining  in  the  northeast  quadrant  of  the  outlet  shaft,  60  additional 
rockbolts  were  installed  and  epoxy  grouting  was  performed  to  repair  the 
shotcrete  cracks.  Other  than  the  obvious  Navarro  ground  disturbances  in 
the  lower  reach  of  the  tunnel,  movements  in  tunnel  instrumentation  were 
generally  considered  the  localized  effects  of  the  tunneling  operations. 

A  detailed  discussion  and  interpretation  of  the  instrumentation  data  can 
be  found  in  referenced  Woodward  Clyde  report.  The  following  paragraphs 
describe  each  instrument  installation. 

9-02.  Outlet  Shaft  Instrumentation.  The  outlet  shaft  instrumentation 
consisted  of  3-position  extensometers  and  rockbolt  load  cells, 
designated  for  installation  at  three  elevations  -  598  (25-foot  depth), 
557  (66-foot  depth),  and  523  (100-foot  depth).  However,  since  the  shaft 
collar  of  interlocking  soldier  piers  extended  to  a  depth  of  49  feet,  the 
instrvmientation  planned  for  598  elevation  was  eliminated. 

Four  multiple  position  borehole  extensometers  (MPBX)  were 
installed  horizontally  and  90°  apart  at  a  length  of  26  feet  at  elevation 
556  and  at  a  length  of  36  feet  at  elevation  523.  These  were  3-position 
MPBXs  having  three  measurement  rods  anchored  successively  at  depths  of  3 
feet,  11  feet,  and  26  feet  or  5  feet.  11  feet  and  36  feet.  The  rods 
were  cement  grouted  into  27  to  37-foot  deep,  3- inch  diameter  boreholes. 
The  outer  ends  of  the  rods  were  encased  in  an  electrical  sensor  head 
installed  in  a  1-foot  diameter  by  2-foot  long  blockout  in  the  shaft 
wall.  These  instruments  were  designed  to  measure  any  horizontal 
movements  in  the  surrounding  ground. 

Four  1-inch  diameter  rockbolts  with  load  cells  (RBLC)  were 
installed  horizontally  and  90°  apart  at  a  length  of  39  feet  at  elevation 
556  and  at  a  length  of  45  feet  at  elevation  523.  These  installations 
were  offset  45°  from  the  MPBX  locations.  The  back  15  to  25  feet  of  the 
rockbolt  was  anchored  with  resin  or  cement  grout,  and  the  outer  20  to  24 
feet  of  the  bolt  was  unbonded  in  a  3  to  5- inch  diameter  boring;  this 


part  of  the  bolt  was  wrapped  with  two  layers  of  bituminous  tape  and 
covered  with  2- inch  diameter  PVC  pipe.  The  outer  6  inches  of  the  bolt 
extended  through  a  1-inch  thick  steel  bearing  plate  into  a  1  foot 
diameter  blockout  cut  into  the  outer  foot  of  the  shaft  wall.  This  outer 
end  of  the  bolt  was  mounted  with  a  load  cell  which  was  wired  for 
electronic  readings  and  secured  with  an  outer  seating  nut.  The  purpose 
of  the  RBLCs  was  to  detect  rock  loads  or  stresses  developing  in  the 
shaft  walls. 

Due  to  ground  movements  in  the  NE  quadrant  of  the  outlet  shaft  by 
contract  modification,  two  3-position  extensometers  and  one  rockbolt 
with  load  cell  was  installed  at  elevations  518  and  524,  respectively. 
These  were  36-foot  long  extensometers  and  were  installed  in  the  NW  and 
NE  quadrants  of  the  shaft,  on  each  side  of  the  transition  portal.  The 
rockbolt  with  load  cell  was  45  feet  long  in  a  5-inch  diameter  boring, 
and  was  installed  on  tunnel  centerline  above  the  shaft  transition. 

9-03.  Inlet  Shaft  Instrvunentatlon.  -  The  inlet  shaft  instrumentation 
consisted  of  three  3 -position  extensometers  and  three  rockbolts  with 
load  cells  installed  at  approximate  elevation  580.4  (77.6-foot  depth). 
Installation  was  in  the  same  horizontal  plane  for  both  extensometers  and 
rockbolts,  which  were  alternately  positioned  at  60°  apart  starting  at 
tunnel  centerline. 

The  three  extensometers  were  located  120°  apart  beginning  on 
tunnel  centerline  at  the  back  of  the  shaft.  They  were  36  feet  long  with 
anchors  set  with  cement  grout  in  a  3 -inch  diameter  borehole  at  depths  of 
5,  11,  and  36  feet.  The  installations  were  similar  to  those  in  the 
outlet  shaft. 

The  three  rockbolts  with  load  cells  were  also  located  120°  apart 
beginning  on  tunnel  centerline  above  the  tunnel  portal.  They  were  42- 
foot  long,  1-inch  diameter  bolts  installed  in  a  5-inch  diameter  boring. 
The  back  24.5  feet  of  the  bolt  was  anchored  and  bonded  with  cement 
grout;  the  forward  17.5  feet  was  unbonded  and  protected  by  two  layers  of 
bituminous  tape  and  a  2 -inch  diameter  PVC  sleeve.  The  installations 
were  similar  to  those  in  the  outlet  shaft. 

9-04.  Tunnel  Instrumentation.  The  tunnel  instrumentation  was 
designated  for  installation  at  Stations  10+50,  12+20,  23+83,  82+16, 
98+00,  and  118+83.  The  instrumentation  that  was  installed  consisted  of 
a  6-position  MPBX  installed  vertically  from  ground  surface  at  each 
station,  one  RBLC,  at  station  10+50,  three  total  pressure  load  cells  at 
station  12+20,  three  reinforced  concrete  strain  meters  at  station  12+20, 
and  six  tape  extensometer  eye  bolts  at  station  12+20.  In  addition,  12 
survey  reference/displacement  markers  were  installed  on  the  ground 
surface  between  stations  10+70  and  13+23. 

A  6-position  MPBX  was  installed  in  a  surface  boring  above  the 
tunnel  at  each  of  the  six  instrument  stations.  These  MPBXs  had  six 
measurement  rods  cement  grouted  into  3- inch  diameter  borings  which 
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extended  to  within  3  feet  of  the  tunnel  crown.  The  rods  were  anchored 
at  various  depths  in  the  lower  half  of  the  hole,  and  were  spaced  at 
intervals  of  5,  7,  10,  10,  and  20  feet  from  the  bottom  anchor  upward. 

The  upper  ends  of  the  rods  were  encased  in  an  electrical  sensor  head 
installed  in  a  10- inch  diameter  by  3.0- foot  deep  manhole.  The  purpose 
of  these  MPBXs  was  to  measure  any  vertical  movements  over  the  tunnel 
excavation . 

A  1-inch  diameter  rockbolt  with  load  cell  was  specified  for  each 
tunnel  instrximentation  station;  however,  due  to  bad  ground  and  difficult 
working  conditions,  only  one  RBLC  was  installed  at  station  10+50.  This 
RBLC  was  constructed  in  the  same  manner  as  those  described  for  the 
outlet  shaft.  The  RBLC  was  45  feet  long,  and  had  a  5-inch  diameter 
boring  with  25  feet  of  cement  grout  anchorage.  The  RBLC  was  installed 
through  the  tunnel  liner  at  about  IS^W.  of  the  crown  centerline.  Like 
those  in  the  outlet  shaft,  this  instrument  was  intended  to  detect  rock 
loads  or  stresses  developing  in  the  tunnel  wall. 

Three  total  pressure  load  cells  and  three  reinforced  concrete 
strain  meters  were  installed  at  tunnel  station  12+20.  These  instruments 
were  installed  on  a  120°  spacing  around  the  tunnel  liner  with  a  2-foot 
offset  from  the  centerline.  At  each  location  a  total  pressure  load  cell 
was  installed  in  a  blockout  at  the  back  of  the  liner  with  a  reinforced 
concrete  strain  meter  embedded  within  the  liner  concrete  at  the  same 
position.  The  purpose  of  these  instruments  was  to  detect  load 
distributions  and  stress  developments  on  and  within  the  liner. 

Tape  extensometer  eye  bolts  were  installed  at  tunnel  station  12+20 
for  liner  convergence  measurements  between  opposing  reference  points. 
There  were  six  reference  points  at  this  station  spaced  from  the  center- 
line  at  45°  intervals. 

Although  no  measurable  surface  movements  were  anticipated  or 
actually  occurred,  survey  reference  points  were  established  on  the 
ground  surface  above  the  tunnel  to  document  that  such  expectations  were 
valid.  There  were  12  survey  reference  points  established  between 
stations  10+70  and  13+23.  Survey  points  consisted  of  a  3/4- inch  bar,  4 
feet  long,  driven  flush  with  the  ground  surface. 

The  contract  allowed  for  borescope  observation  to  be  made  in  8- 
foot  deep  by  3- inch  diameter  core  borings  drilled  at  designated  tunnel 
stations;  however,  these  were  eliminated  due  to  obvious  ground 
conditions.  Reference  Woodward  Clyde's  Final  Instrumentation  Report 
dated  June  1992  for  detailed  instrumentation  data. 
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PART  X 

FOUNDATION  PrOBLEM  AREAS 


The  foundation  of  the  completed  tunnel  is  stable  and  competent 
ground  which  should  present  no  future  problem’s.  Over  14,000  feet,  or 
7/8,  of  the  tunnel  was  constructed  in  the  Taylor  Formation  with  relative 
ease.  The  massive  Taylor  material  was  soft  enough  to  excavate  easily, 
and  yet,  stood  well  throughout  both  tunnel  and  shaft  excavations. 
Altb-’igh  the  weak,  blocky  Navarro  ground  downstream  from  Station  30+90 
presented  construction  problem.-. .  it  also  induced  massive  reinforcement 
of  the  tunnel  structure  as  well  as  intensive  ground  stabilization 
measures.  Enormous  amounts  of  steel,  concrete,  and  cement  grouting  were 
expended  to  establish  the  immediate  safety  of  the  working  environment 
and  the  long-term  integrity  of  the  structure.  Extensive  remedial 
grouting  consolidated  the  surrounding  rock  and  pea  gravel  around  the 
tunnel  liner.  Thus,  a  solid,  uniform  radial  contact  was  provided 
between  the  gro  ind  and  the  tunnel  liner  to  ensure  that  no  differential 
pressures  develop  and  that  the  ground  remains  stable.  Both  Taylor  and 
Navarro  clay  shale  are  expansive  in  places,  but  the  tunnel  liner  has 
been  designed  for  potentially  high  radial  swell  pressures.  Therefore, 
no  foundation  problems  are  anticipated. 

Due  to  the  variably  expansive  nature  of  the  clay  shale,  an  effort 
was  made  to  keep  the  excavated  surfaces  dry  to  prevent  moisture  induced 
swelling.  However,  it  was  inevitable  that  some  of  the  rock  would  be 
exposed  lo  water  from  grout  bleed-off  or  unforeseen  sources.  There 
were,  in  fact,  three  particular  places  along  the  alignment  where  the 
formation  was  notably  wetted: 

1.  The  top  heading  collapse  -  Water  flowed  into  the  top  heading 
from  the  overlying  alluvium  along  t'.e  annular  space  of  three  backfill 
borings.  Water  was  impounded  in  the  collapse  cavity  behind  the 
emergency  bulkhead  between  Stations  21+62  and  22+15. 

2.  Broken  water  line  in  top  heading  -  A  broken  water  line  during 
a  night  shift  inundated  about  550  feet  of  the  top  heading  alignment 
upstream  from  the  access  shaft.  This  water  migrated  through  fractures 
to  cause  seepage  in  the  lower  face  cut  of  the  TBM  which  was  185  feet 
downstream.  The  ground  was,  therefore,  wetted  to  some  extent  between 
Stations  21+78  and  29+13. 

3.  The  excavation  apparently  encountered  an  artesian  well  at 
approximately  station  144+20  where  ±300  GPM  flow  entered  the  excavation 
on  the  right  side.  The  flow  was  controlled  by  header  pipes  and 
subsequently  grouted  as  described  in  PART  VII,  "FOUNDATION  TREATMENT." 

Even  though  these  areas  were  substantially  wetted,  it  is  not 
inevitable  that  high  swell  pressures  will  develop.  High  swell  potential 
occurs  in  these  formations  only  where  the  content  of  expansive  clay 
minerals  is  high,  which  is  not  the  case  evervwhere.  The  wetting  due  to 
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the  well  seepage  is  not  expected  to  produce  serious  swelling  because 
that  section  of  tunnel  is  in  the  lower  more  calcareous  portion  of  the 
Taylor;  this  usually  means  a  correspondingly  lower  clay  fraction  with 
less  significant  amounts  of  montmorillonite  or  other  expansive  clays. 
Also,  early  swell  pressures  would  be  dissipated  by  expansion  into  stress 
relief  fractures,  which  is  particularly  true  where  the  fractured  Navarro 
ground  was  wetted.  In  any  case,  the  tunnel  liner  has  been  designed  with 
consideration  for  the  swelling  potential  of  these  formations,  and  no 
problems  should  develop. 
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PART  XI 

RECOEU)  OF  FOUNDATION  INSPECTIONS  AND  GEOLOGIC  DOCUMENTATION 


Rock  exposures  in  all  shaft  excavations  were  inspected,  mapped  or 
logged,  and  photographed  by  a  geologist.  The  excavated  tunnel  bore  was 
observed  periodically  by  the  geologist  at  the  tail  shield  cut-away 
section  below  springline.  However,  no  attempt  was  made  to  map  the 
tunnel  from  the  tail  shield  due  to  incomplete  exposure  and  congested 
working  area.  The  roadheader  excavations  provided  good  exposures  in  the 
tail  tunnel  and  top  heading  which  were  also  mapped  and  photographed. 

The  following  is  a  list  of  mapping  and  logging  dates  during  each 
excavation. 


Depth  Interval  (ft) 


Feature 

Date 

Macoed 

or  Loceed 

Geoloeist 

Hydraulic  Inst. 
Shaft,  SA-1 

26-27  May 

88 

Logged 

to  120.0 

R. 

Burns 

Hydraulic  Inst. 

9-10  May  88 

Logged 

to  122.0 

R. 

Burns 

Shaft,  SA-7 

Vent  Shaft 

SA-2 

10-15  Jun 

88 

Logged 

to  131.0 

R. 

Burns 

Vent  Shaft 

6-8  Jun  88 

Logged 

to  131.0 

R. 

Burns 

SA-4 

Vent  Shaft 

SA-6 

17-19  May 

88 

Logged 

to  122.0 

R. 

Crutchfield 

Maintenance 

23  May  88 

. 

Logged 

to  128.0 

R. 

Burns  - 

Shaft  SA-5 

20  Sep  88 

R. 

Crutchfield 

Maintenance 

13  Jun  88 

Logged 

to  135.0 

R. 

Crutchfield 

Shaft  SA-3 

30  Nov  88 

Top  Heading 

22  Mar  90 

Logged 

to  137.5 

R. 

Crutchfield 

Access  Shaft 

SA-8  (temporary) 

30  Apr  90 

Top  Heading 
Alignment  Shaft 
SA-9  (temporary) 

27  Apr  90 

Logged 

to  123.0 

R. 

Crutchfield 

Outlet  Shaft 

14-28  Jul 

88 

Logged 

to  50.0 

R. 

Crutchfield 

(Mapped) 

8  Sep  88 

50.0  to 

56.5 

13  Sep  88 

56.5  to 

61.0 

15  Sep  88 

61.0  to 

65.0 

19  Sep  88 

65.0  to 

70.0 

3  Oct  88 

70.0  to 

74.0 

64 


Feature 
Outlet  Shaft 
(Mapped) 


All  mapping  by 
R.  Crutchfield 


Tail  Tunnel 
(Mapped) 


Inlet  Shaft 
(Mapped) 


Date 

10  Oct  88 
18  Oct  88 

27  Oct  88 
9  Nov  88 
22  Nov  88 
6  Dec  88 
20  Dec  88 

6  Jan  89 

7  Mar  89 
16  Mar  89 
20  Apr  89 

28  Apr  89 
2  May  89 
15  May  89 


1  Jun  89 

2  Jun  89 

5  Jun  89 

6  Jun  89 

12  Jun  89 
Not  mapped 

21  Jun  89 

22  Jun  89 

23  Jun  89 

27  Jun  89 

28  Jun  89 
30  Jun  89 
5  Jul  89 

8  May  91 

9  May  91 

13  May  91 

15  May  91 

16  May  91 

17  May  91 

20  May  91 

21  May  91 
23  May  91 


1  Jun-31  Jul  89 
31  Aug  89 
8  Sep  89 
14  Sep  89 
27  Mar  90 


Depth  Interval  (ft) 
Mapped  or  Logged 
74.0  to  79.0 
79.0  to  84.0 
84.0  to  89.0 
89.0  to  95.0 
95.0  to  101.0 
101.0  to  106.0 
106.0  to  112.0 
112.0  to  118.0 
118.0  to  123.0 
123.0  to  128.0 
128.0  to  135.0 
135.0  to  141.0 
141.0  to  145.0 
Completed  to  150.0 
with  transition 


0  to  6 
6  to  13 
13  to  18 
18  to  26 
26  to  38 
38  to  54 
54  to  62 
62  to  67 
67  to  73 
73  to  81 
81  to  89 
89  to  92 
92  to  100 
100  to  105 
105  to  110 
110  to  116 
116  to  120 
120  to  124 
124  to  128 
128  to  132 
132  to  136 
Completed  to  142 

Logged  to  38 
31  to  38 
38  to  46 
46  to  50 
50  to  57 


All  mapping  by 
R.  Crutchfield 


All  mapping  by 
R.  Crutchfield 
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Feature 


Date 


Depth  Interval  (ft) 
Mapped  or  Logged 


Geologist 
All  mapping  by 
R.  Crutchfield 


5  Apr  90 

16  Apr  90 
19  Apr  90 
25  Apr  90 
3  May  90 
8  May  90 
11  May  90 

17  May  90 
24  May  90 
1  Jun  90 
8  Jun  90 

18  Jun  90 
21  Jun  90 

TBM  16  Mar  92 

Hole -Through 


57  to  63 
63  to  68 
68  to  74 
74  to  80 
80  to  88 
88  to  96 
96  to  102 
102  to  112 
112  to  120 
120  to  123 
123  to  130 
130  to  137 
137  to  142 
142  to  148.6 


Interval  Mapped 
Between  Ribs  on 


Feature 

Date 

4- 

foot  centers 

Top  Heading 

17  May  90 

to 

Rib 

3 

u/s  of 

access  shaft 

Tunnel  (upper 

18  May  90 

to 

Rib 

2 

d/s  of 

access  shaft 

half  of  staging 

22  May  90 

to 

Rib 

4 

u/s  of 

access  shaft 

chamber) 

23  May  90 

to 

Rib 

5 

u/s  of 

access  shaft 

30  May  90 

to 

Rib 

4 

d/s  of 

access  shaft 

31  May  90 

to 

Rib 

5 

d/s  of 

access  shaft 

1  Jun  90 

to 

Rib 

6 

d/s  of 

access  shaft 

5  Jun  90 

to 

Rib 

8 

u/s  of 

access  shaft 

6  Jun  90 

to 

Rib 

9 

u/s  of 

access  shaft 

6  Jun  90 

to 

Rib 

7 

d/s  of 

access  shaft 

Top  Heading 

12  Jun  90 

to 

Rib 

8 

u/s  of 

access  shaft 

(lower  half  of 

15  Jun  90 

to 

Rib 

9 

u/s  of 

access  shaft 

staging  chamber) 

15  Jun  90 

to 

Rib 

7 

d/s  of 

access  shaft 

Top  Heading 

19  Jun  90 

to 

Rib 

8 

d/s  of 

access  shaft 

(full  face) 

26  Jun  90 

to 

Rib 

11 

d/s  of 

access  shaft 

27  Jun  90 

to 

Rib 

12 

d/s  of 

access  shaft 

29  Jun  90 

to 

Rib 

16 

d/s  of 

access  shaft 

2  Jul  90 

to 

Rib 

18 

d/s  of 

access  shaft 

9  Jul  90 

to 

Rib 

22 

d/s  of 

access  shaft 

10  Jul  90 

to 

Rib 

24 

d/s  of 

access  shaft 

11  Jul  90 

to 

Rib 

26 

d/s  of 

access  shaft 

12  Jul  90 

to 

Rib 

28 

d/s  of 

access  shaft 

13  Jul  90 

to 

Rib 

30 

d/s  of 

access  shaft 

18  Jul  90 

to 

Rib 

34 

d/s  of 

access  shaft 

19  Jul  90 

to 

Rib 

36 

d/s  of 

access  shaft 

24  Jul  90 

to 

Rib 

40 

d/s  of 

access  shaft 

Geologist 
All  mapping  by 
R.  Crutchfield 
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Feature  Date 


Interval  Mapped 
Between  Ribs  on 
4-foot  centers 


Geologist 


Top  Heading 
(continued) 


25 

Jul 

90 

to 

Rib 

42 

d/s  of  access 

shaft 

26 

Jul 

90 

to 

Rib 

45 

d/s  of  access 

shaft 

30 

Jul 

90 

to 

Rib 

49 

d/s  of  access 

shaft 

Top  Heading  Collapse 

4 

Oct 

90 

finished  remining  to  Rib 

1  51 

9 

Oct 

90 

to 

Rib 

10 

u/s  of  access 

shaft 

12 

Oct 

90 

to 

Rib 

13 

u/s  of  access 

shaft 

15 

Oct 

90 

to 

Rib 

14 

u/s  of  access 

shaft 

17 

Oct 

90 

to 

Rib 

15 

u/s  of  access 

shaft 

18 

Oct 

90 

to 

Rib 

16 

u/s  of  access 

shaft 

19 

Oct 

90 

to 

Rib 

17 

u/s  of  access 

shaft 

22 

Oct 

90 

to 

Rib 

18 

u/s  of  access 

shaft 

24 

Oct 

90 

to 

Rib 

20 

u/s  of  access 

shaft 

25 

Oct 

90 

to 

Rib 

21 

u/s  of  access 

shaft 

1 

Nov 

90 

to 

Rib 

24 

u/s  of  access 

shaft 

2 

Nov 

90 

to 

Rib 

25 

u/s  of  access 

shaft 

9 

Nov 

90 

to 

Rib 

26 

u/s  of  access 

shaft 

13 

Nov 

90 

to 

Rib 

31 

u/s  of  access 

shaft 

14 

Nov 

90 

to 

Rib 

32 

u/s  of  access 

shaft 

15 

Nov 

90 

to 

Rib 

34 

u/s  of  access 

shaft 

27 

Nov 

90 

to 

Rib 

58 

d/s  of  access 

shaft 

28 

Nov 

90 

to 

Rib 

60 

d/s  of  access 

shaft 

30 

Nov 

90 

to 

Rib 

63 

d/s  of  access 

shaft 

3 

Dec 

90 

to 

Rib 

68 

d/s  of  access 

shaft 

4 

Dec 

90 

to 

Rib 

70 

d/s  of  access 

shaft 

5 

Dec 

90 

to 

Rib 

72 

d/s  of  access 

shaft 

6  ; 

Dec 

90 

to 

Rib 

74 

d/s  of  access 

shaft 

10 

Dec 

90 

to 

Rib 

79 

d/s  of  access 

shaft 

11 

Dec 

90 

to 

Rib 

81 

d/s  of  access 

shaft 

12 

Dec 

90 

to 

Rib 

84 

d/s  of  access 

shaft 

13 

Dec 

90 

to 

Rib 

86 

d/s  of  access 

shaft 

18 

Dec 

90 

to 

Rib 

95 

d/s  of  access 

shaft 

19 

Dec 

90 

to 

Rib 

97 

d/s  of  access 

shaft 

20 

Dec 

90 

to 

Rib 

99 

d/s  of  access 

shaft 

21 

Dec 

90 

to 

Rib 

101 

d/s  of  access 

shaft 

27 

Dec 

90 

to 

Rib 

104 

d/s  of  access 

shaft 

28 

Dec 

90 

to 

Rib 

106 

d/s  of  access 

shaft 

2  Jan 

91 

to 

Rib 

108 

d/s  of  access 

shaft 

3  Jan 

91 

to 

Rib 

110 

d/s  of  access 

shaft 

4  Jan 

91 

to 

Rib 

113 

d/s  of  access 

shaft 

8  Jan 

91 

to 

Rib 

119 

d/s  of  access 

shaft 

9  Jan 

91 

to 

Rib 

121 

d/s  of  access 

shaft 

10 

Jan 

91 

to 

Rib 

124 

d/s  of  access 

shaft 

11 

Jan 

91 

to 

Rib 

126 

d/s  of  access 

shaft 

14 

Jan 

91 

to 

Rib 

131 

d/s  of  access 

shaft 

15 

Jan 

91 

to 

Rib 

133 

d/s  of  access 

shaft 

16 

Jan 

91 

to 

Rib 

135 

d/s  of  access 

shaft 

17 

Jan 

91 

to 

Rib 

138 

d/s  of  access 

shaft 

All  mapping  by 
R.  Crutchfield 
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Interval  Mapped 
Between  Ribs  on 

Feature  Date  4-foot  centers  Geologist 

All  mapping  by 

Top  Heading  18  Jan  91  to  Rib  140  d/s  of  access  shaft  R,  Crutchfield 

(continued)  22  Jan  91  to  Rib  145  d/s  of  access  shaft 

23  Jan  91  to  Rib  147  d/s  of  access  shaft 

24  Jan  91  to  Rib  151  d/s  of  access  shaft 

25  Jan  91  to  Rib  153  d/s  of  access  shaft 

28  Jan  91  to  Rib  156  d/s  of  access  shaft 

29  Jan  91  to  Rib  158  d/s  of  access  shaft 

30  Jan  91  to  Rib  160  d/s  of  access  shaft 

31  Jan  91  to  Rib  163  d/s  of  access  shaft 

1  Feb  91  to  Rib  166  d/s  of  access  shaft 

4  Feb  91  to  Rib  171  d/s  of  access  shaft 

5  Feb  91  to  Rib  174  d/s  of  access  shaft 

6  Feb  91  to  Rib  177  d/s  of  access  shaft 

7  Feb  91  to  Rib  180  d/s  of  access  shaft 

8  Feb  91  to  Rib  183  d/s  of  access  shaft 

12  Feb  91  to  Rib  191  d/s  of  access  shaft 

13  Feb  91  to  Rib  194  d/s  of  access  shaft 

14  Feb  91  to  Rib  197  d/s  of  access  shaft 

15  Feb  91  to  Rib  200  d/s  of  access  shaft 

19  Feb  91  to  Rib  204  d/s  of  access  shaft 

20  Feb  91  to  Rib  208  d/s  of  access  shaft 

21  Feb  91  to  Rib  210  d/s  of  access  shaft 

25  Feb  91  to  Rib  217  d/s  of  access  shaft 

26  Feb  91  to  Rib  220  d/s  of  access  shaft 

27  Feb  91  to  Rib  223  d/s  of  access  shaft 

28  Feb  91  to  Rib  225  d/s  of  access  shaft 

5  Mar  91  to  Rib  229  d/s  of  access  shaft 

6  Mar  91  to  Rib  231  d/s  of  access  shaft 

7  Mar  91  to  Rib  233  d/s  of  access  shaft 

8  Mar  91  to  Rib  235  d/s  of  access  shaft 

1  Apr  91  to  Rib  40  u/s  of  access  shaft 

2  Apr  91  to  Rib  42  u/s  of  access  shaft 

3  Apr  91  to  Rib  45  u/s  of  access  shaft 

4  Apr  91  to  Rib  47  u/s  of  access  shaft 

5  Apr  91  to  Rib  50  u/s  of  access  shaft 

8  Apr  91  to  Rib  54  u/s  of  access  shaft 

9  Apr  91  to  Rib  57  u/s  of  access  shaft 

10  Apr  91  to  Rib  59  u/s  of  access  shaft 

11  Apr  91  to  Rib  61  u/s  of  access  shaft 

15  Apr  91  to  Rib  68  u/s  of  access  shaft 

16  Apr  91  to  Rib  71  u/s  of  access  shaft 

17  Apr  91  to  Rib  74  u/s  of  access  shaft 

18  Apr  91  to  Rib  77  u/s  of  access  shaft 

19  Apr  91  to  Rib  80  u/s  of  access  shaft 

22  Apr  91  to  Rib  82  u/s  of  access  shaft 

24  Apr  91  to  Rib  85  u/s  of  access  shaft 
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Interval  Mapped 
Between  Ribs  on 


Feature 

Date 

4-: 

foot 

centers 

Top  Heading 

25  Apr 

91 

to 

Rib 

88  1 

u/s  1 

of  access 

shaft 

(continued) 

26  Apr 

91 

to 

Rib 

92  : 

u/s  1 

of  access 

shaft 

29  Apr 

91 

to 

Rib 

95  1 

u/s  1 

of  access 

shaft 

30  Apr 

91 

to 

Rib 

101 

u/s 

of 

access 

shaft 

1  May 

91 

to 

Rib 

103 

u/s 

of 

access 

shaft 

2  May  91 

to 

Rib 

106 

u/s 

of 

access 

shaft 

3  May 

91 

to 

Rib 

109 

u/s 

of 

access 

shaft 

6  May  ' 

91 

to 

Rib 

112 

u/s 

of 

access 

shaft 

8  May  ' 

91 

to 

Rib 

118 

u/s 

of 

access 

shaft 

9  May  ' 

91 

to 

Rib 

124 

u/s 

of 

access 

shaft 

10  May 

91 

to 

Rib 

127 

u/s 

of 

access 

shaft 

13  May 

91 

to 

Rib 

130 

u/s 

of 

access 

shaft 

14  May 

91 

to 

Rib 

135 

u/s 

of 

access 

shaft 

15  May 

91 

to 

Rib 

137 

u/s 

of 

access 

shaft 

17  May 

91 

to 

Rib 

140 

u/s 

of 

access 

shaft 

20  May 

91 

to 

Rib 

151 

u/s 

of 

access 

shaft 

21  May 

91 

to 

Rib 

154 

u/s 

of 

access 

shaft 

22  May 

91 

to 

Rib 

157 

u/s 

of 

access 

shaft 

23  May 

91 

to 

Rib 

160 

u/s 

of 

access 

shaft 

24  May 

91 

to 

Rib 

162 

u/s 

of 

access 

shaft 

29  May 

91 

to 

Rib 

164 

u/s 

of 

access 

shaft 

30  May 

91 

to 

Rib 

167 

u/s 

of 

access 

shaft 

31  May 

91 

to 

Rib 

169 

u/s 

of 

access 

shaft 

3  Jun  ' 

91 

to 

Rib 

174 

u/s 

of 

access 

shaft 

4  Jun  ' 

91 

to 

Rib 

176 

u/s 

of 

access 

shaft 

5  Jun  ' 

91 

to 

Rib 

179 

u/s 

of 

access 

shaft 

6  Jun  ' 

91 

to 

Rib 

182 

(Sta  30+90  fault) 

10  Jun 

91 

to 

Rib 

183 

u/s 

of 

access 

shaft 

11  Jun 

91 

to 

Rib 

184 

u/s 

of 

access 

shaft 

12  Jun 

91 

to 

Rib 

186 

u/s 

of 

access 

shaft 

17  Jun 

91 

to 

Rib 

197 

u/s 

of 

access 

shaft 

18  Jun 

91 

to 

Rib 

200 

u/s 

of 

access 

shaft 

19  Jun 

91 

to 

16' 

beyond  Rib 

200 

20  Jun 

91 

to 

25' 

beyond  Rib 

200 

Geologist 
All  mapping  by 
R.  Crutchfield 
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NAVARRO  FORMATION  COroop)  ,  clay  ^hale  . 

^ray  to  mosHy  dark  9^ay,  soft  ^  it  raf  it  /  e<d 
wt^h  thin  {  Vi(o  to  l-inch  thich)  /oyer's  of  //*  ^ray 
Si/ty  sand  alona  oeddmi^  pJan^s  .  tract ured  and 
^o-nted  with  tre'cfcent  -..l/cksn^iei^s  ,  c{  the 

Cretaceous  Penod 


C  ONS  TP  UCT/Q  NJ  LINE  spring  Ime  or 
invert  5kown. 

JOINT  or  FPACTURE  ,  uz/th  strike  and  dip, 
or  only  apparent  dip  parallel  to  center  line 


FA  LLQU  T  AREA  .approx  imate  Aoi/ndary  of 
space  left  by  rock  faHoot  frorr.  ^he  Crown.  Thti 
area  wai^.  ii.pported  k  *h  wccden  cr,btin^  jnd  Pack- 
*‘/led  With  shotcretc  and  t^rout. 
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/  On  April  l3.  1989  .affer  the  .^pp^r  of  *he  axcavoticn.  rad  peer  .-cfr,- 
pleted.  '■*'€  'ace  cot  at  the  upstream  end  feh  inward  "or  abcvf  :0  feet 
ahncf  the  tonne!  alignment  expcsina,  spilmps  installed  over  the  croyn 
and  the  hydraulic,  nst  rument  at  ton.  shaft 

2  Each  1.00  ft  at  elevation  on  rnop  equals  /-ST tf  of  curved 
surface  -o  excava+ion. 

3.  5fa.Vioning  of  WfOx49  Ribs,  A  fhroygh  P: 
ABCDEFGHI  JKLMNOP 

.►  +  +  +.■*■•*'  +  4-4.r4..4.  +  -t.4.+ 

ijs^C  joooooooooooo 


j.  4  85  X 

r 

h 

j-  490  OC 


j-  49500 

f 

i. 

-  50(0  OC 


(  565  00} 

t- 

j.  50/29 


/N70A;/0  CHAN^£/.  JMHRC^E tdfNT 
SAH  AsroV'C 

5AN  ANTONJO  Riy£« 
CONSTRUCTION  UNITS  8-4-«e-5-l 
outlet  shaft  GE0L06Y 
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FiATE  9 
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US.  ARMY 


CROWN 
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fXPLANATiO 
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U.  S  .  ARMY 


FERE^fTE  iM  FEET 


US.  ARMY  • 
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.£A  N.ATipN 

NAVARRO  FORMATION  (Groop).  c«i>  shalt , 
gra^  to  nosHy  dark  ^ray^  ioft,  strafifitd  wf+h 
thin  (  Vik  to  /'inch  th»cK)  layers  of  li^kt  gray  silty 
sand  a/eng  bedding  planes,  fractured  and  jaint«cl 
with  tragwant  slicK€ns/d«s,a^  Cratacaous  Period. 

TAYLOR  FORMATION  rOrtftip),  clay  shale, 
dark  to  //ghtgroy,  variably  calcareous ,  soft 
••.-Je.ratoly  vj/*-',  "..?S  ji  r  ,  f.'- rn  .Tj? 

pyrife  crystals  ,  of  Cretaceous  Period  . 

(JOINT  or  FRACTURE,  appargnt  dips  parallel 
to  center  line  ,  strike  giv«n  where  detern^ined, 
dashed  line  where  projected,  shchenside  or  "slick" 
libeled  where  observed.  Displacements  ofafew 
inchee  to  occasionally  a  few  feet  were  often 
observed  along  sliekunsided  ^C'ntt,lr.diC'** 
minor  faults. 

Note  The  only  major  fault  encountered  m  the 
top  heading  was  between  upstreom  Ribs  ^Iffl 
and  dH86  as  shown  .  This  fault  has  over  150 
feet  of  displacement . 


NOTE  •  Ribtk^SOO  was  the  last  rib  set  m  the  upstream  top  heading 
However,  the  excavation  continued  upstream  for  more 
feet  without  steel  support  to  observe  ground  stability 
The  first  17  feet  beyond  Rib*t200  was  supported  with 
3or4inche5  of  shoicreta  j  the  final  d  feet  was  left  unsup¬ 
ported  for  6  days  With  only  minor  desiccation  and  no 
foMowt.  The  ground  was  massive  ,  un  fractured  clay  shale . 
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TOP  HEADING  GEOLOGY 
SAN  ANTONIO  RlvfR  TUNNEL 
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fPepoer~ 

PI  ate  15 

CORPS  OF  ENGINEERS 


O.S.  ARMY  » 


View  looking  into  the  San  Antonio  River  outlet  shaft  with 
the  excavation  85  percent  complete  at  the  128-foot  depth. 


16  Mar  89  San  Antonio  River  Tunnel 


Photo  No.  3 


View  upward  from  the  123-foot  depth  in  the  San  Antonio  River 
outlet  shaft.  Notice  the  steel  rings  and  concrete  soldier 
piers  supporting  the  upper  shaft. 


8  Mar  89 


San  Antonio  River  Tunnel  Photo  No.  4 


EXHIBIT  2 
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Drilling  holes  for  installation  of  rockbolt  load  cells  and 
extensometers  at  elevation  556  in  the  outlet  shaft. 


21  Sep  88 


San  Antonio  River  Tunnel 


Photo  No.  7 
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A  10-ton  pullout 
elevation  556  in 

test 

the 

on  a  rockbolt  for  a  load  cell  at 
out  let  shaft . 

26  Sep  88 

San 

Antonio  River  Tunnel  Photo  No.  8 

EXHIBIT  A 

CORPS  OF  ENGINEERS 


OS  ARMY 


CORPS  OF  ENGINEERS 


US.  ARMY 


CORPS  OF  ENGINEERS 


U.S.  ARMY 


CORPS  OF  ENGINEERS 


U. S .  ARMY 


8S 


Viev  N  into  transition  excavation  of  outlet  shaft.  Face 
material  sloughed  into  excavation  between  Saturday  evening 
and  Mondav  morning  operations.  No  shotcrete  had  been  applied. 


!3  Jan  89 


San  Antonio  River  Tunnel 


Photo  No.  13 


I  ti 


Close-up  view 

of 

face  sloughing 

shown  in  Photo 

No .  13 

Not  e 

s  1  ic  kens ided 

]oint  dipping  into 

excavation  in 

center 

photo . 

Note  exposed 

spi  1 

ing  in  the  crown  between  Ribs 

C  and 

D. 

2  Jan  89 

San  Ant  on  1 o  R i 

ver  runnel 

Phot 

o  No,  1 

FX  Him  i  / 
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i-'.xifiBrr  1(1 


CORPS  OF  ENGINEERS 


Preparation  to  pour  rpncrete  invert  slab  as  strut  lictween 
base  of  ribs. 


17  May  84  San  Antonio  River  Ttinnt- I  Photo  No.  7b 
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EXHIBIT  14 
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Tail  tunnel  at  73-foot  length.  Support  was  wire  mesh  and 
5-inch  thickness  of  shotcrete.  Note  slickenside  joint  in 
crown  and  a  1-inch  thick  white  bentonite  layer  across  upper 
face  and  sides. 


^  ,  # 


-'Jt- 


View  S  toward  tail  tunnel  in  outlet  shaft.  Note  white  lines 
of  apoxy  grouting  of  shotcrete  cracks  at  about  the  height  of 
the  tail  tunnel.  There  were  about  3  inches  of  lateral  sepa¬ 
ration  along  this  crack  in  the  north-south  direction. 


22  May  91 


San  Antonio  River  Tunnel 


Photo  No.  30 


EXHIBIT  15 
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Installing  bottom  post  of  Rib  No.  6  upstream  in  top 
head  i  ng . 


12  Jun  90  San  Antonio  River  Tunnel 


Photo  No.  47 


S  ^ 
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View  west  in 

are  in  center 

Upstream  top  heading.  Rib  Nos. 
photo.  Note  wooden  lagging. 

S,  5A ,  and  6 

1  5  Jun 

90 

San  Antonio  River  Tunnel 

Photo  No.  48 

EXHIBIT  24 
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View  downstream  toward  drilling  jumbo  from  about  Rib  30, 
minutes  after  the  top  heading  collapse. 


30  Jul  90 


San  Antonio  River  Tunnel 


Photo  No.  36 


EXHIBIT  28 
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View  of  shotcreCed  fallout  cavity  in  crown  beyond  upstream 
Rib  No.  24.  Fallout  occurred  to  12  feet  above  ribs  along 
an  inward  dipping  slickenside. 

2  Nov  90  San  Antonio  River  Tunnel  Photo  No.  61 


Stable  ground  during  roadheader  excavation  at  Rib  No.  69 
downstream  in  top  heading. 


4  her  90 


San  Antonio  River  Tunnel 


Photo  No.  62 
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Fallout  to  5  feet  above  and  15  feet  beyond  Rib  No.  150  down¬ 
stream.  Fallout  along  inward  dipping  slickenside. 


^4  .Jan  91 


San  Antonio  River  Tunnel 


Photo  No.  63 


Tmproved  shotcreting  using  a  robot  to  prevent 

further  f a  1 1  - 

v)ut  at 

Rib  No. 

150  downstream. 

?  4  Jan 

91 

San  Antonio  River  Tunnel 

Photo  No.  64 

EXHIBIT  Vl 

CORPS  OF  ENGINEERS 


D.S.  ARMY 


Minor  faulting  in  face  at  Rib  No.  150  upstream.  Note  displace¬ 
ment  of  thin  white  bentonite  layer  along  diagonal  slickensides . 

20  May  91  San  Antonio  River  Tunnel  Photo  No.  67 


Fallout  rubble  grouted  in  crown  at  Rib  No.  163  upstream  after 
20-foot  high  fallout  at  Rib  No.  162.  Fallout  was  along  two 
converging  inward  dipping  slickensides.  (See  video). 

29  May  91  San  Antonio  River  Tunnel  Photo  No.  68 
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SAJID  -  ftw,  bro«n, 

ealc»  silty.  Pill* 

0.4  to  15.6 


0.4  to  «.5  -  FILL  -  hli^h 
to  Md.  plsstlcliy.  rtirf 
datnp,  dark  bro*»n,  rale, 
snndy  4  «cravf>ny,  .bricks. 

8.5  t'5  11.8  -  hl^h  plant, 
etlff,  nolst,  dark  Fray, 
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13.8  to  15,6  •  hlFh  pUftt, 
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15,6  to  22,0 
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22,0  to  51,6 

CUY  SMAU  -  AKbHACliXiUS  > 


weather  stained  yellow 
brown  and  Frey  till  38.8, 
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.  rer*t.  oc»tH  or  moui 


fp.  7  :MoX>gMB 


sSi 


jsmi 


it-icAC’  v/irM  OII- 
Df^opt-f-rs  o^J  5*JR^ACC. 

>7,  7  ' :  cpfcjj 
0.4  '  FMLT 

PLAii£  •■  TvJo  SO' 

CLoiet)  PKAcTUHgf;  ■ 

O/s^C  PiLLtO  wiw  '/»" 

So^i;  DAfftc.  ecAyey 

AoUAe.  CAATOX 

5AMPLe  A/o.yj  a  -  „ 

~ios:s'f  HAm> 


</eKy  LifAy;  Lt&^rr  6Mry 
?/.2' !  op*«/  3S"Jo,Wr 

.lZ3_-'  o/»«A/  io*  - 

9^.1':  PyKir4S 
97.0  -17.7':  HOKLeo 
<o*  Jot  nr 

18.4' -  10,1  ■■  ope.^  60- 

OKSAtC  W  CoAtf 

jfoo.  B ' :  pvmi-re. 


LOS'S'- 13 l.tt:  leKy 
»Ain>;  'feiLy  LlMy; 
U'&nr  «i^Ay 


fJoTg  :  1)9  >L.  ten  /y^D 
—  pyioaLiAi  Feco^/t^!^^ 
CO^e.  v/ijH  ^OcK' 
'CATcHeXf";  A)Ab  -To 
MA/CS  sevSKAL  'mips' 

3  'Tb  ^ecoycK  Coac 


\m\ 


#«/  COAC 


irooitcT  iMOutHO 

>SAM  AMrbMio  RiVeit  TjtiNeL'  C,A4C-Z6’t 


DL-84 


DL-88 


I  .Nard.  :  uMreJL  L£j£j. 
//J 

a-t  17.0  '  ± 

hJore.  :  vVAs 

BaJuCC  To  150.0- 
OIJ  21  l>ec,'63  u/;-r« 
U"PVC  Pire.se-r  :-J 
&Kotj-r  To  is.oti. 
Lf-P-r  AoK.  oe- 

SeRVA7ior4 


2  CaRXoU 
C-1-  7o.o' 

2  5  7S.(.‘ 

3  •■  81.3’ 

4:  ec.9' 

S  ••  9J  .S  ■ 
Q:9C.8 
T- loz  .0 
S;io8.3 

9 -113. 5' 
io:iJ9.o- 
11:124.8' 
12:129.7' 
l3:i3S.7' 

14  ■140.8' 

15  14  7.0  ■ 
1C  ■152.9' 
n:  159.1' 


Samples  : 

-71.0' 

-  7C.5  ■ 

-  82.3 

'  -  87.9  ■ 
'-924 
-97.3' 

'  -  103.0 ' 

'-  109.3 

'-J14.4  ' 

'  -  J20.0  ' 

-JZS.7' 
-iSo.S  ' 

-  13C.C' 

-  14  1.7  ' 

-  148.0' 

-  153.9' 

-  ICO  .0  ' 


3 .  TiOTii.  :  CoRe.  Boack 

^  PWorocsAAPMCD 
pRoM  70.0  ■ 


4.  &RilL'a«S  : 

10"  Flight  Aueep: 

0.0  ■  -  19  O' 
IJOXIE  :5eT  e"CASi>4C 
-rto  1<?.0  ■ 

8"  FLiftHT  Autep  5 
14.0  ■  -  46.0  ' 
hlore  :Jer  6"pvc 
Pi'Pt  To  45.0  '  £ 
CRoUTEt)  iu  PLACE 
f  POLLS b  8"CASiMO 
S7'4"CoPe  BAXRSL: 
.0  ■  —  .160  .0  ■ 


**i**r^**  II  36  »H€V**Wf  lOifimt  MMLITC 

rni^M.vc«)«n 


Ig3«c'-2  71 


9 


OmLLMC  L06 


C./<4-c-  2.1Z. 


luwnESTiszsrami 


«  DtHCCTIOM  or  HOLC 


1  y| 


Hl&H  PLA5r«:iTy;  BA^ 
SQ^ot/*/,' aVA  Btty- 
Cv\Mp;  CAt-CAlfCoUS 


i  .  IV'ATlE/e  /  a/ 

A-r  n.o't 
t>iJ^iiJCt  zAt/d^A/A/G, 
BoKitJ&  To  Be. 
BA-it-eO  DRy  at  A 
Later  t>ATe. 


'  t  -lo.z  't-  MSBIiJaA 


(jBA\/£L  '.MocieRArALy 
CLAyEy;  L'&HT  0Ro\^JK 
aE^se,  oaaap  ujet 
AT  17.0' t-  lERy  t/My, 
U/TH  CoBmi.es  ■  (Vo Te  ■■ 

^Ab  T'zs  fiocKBi  T  <Ac>m 

io.^•_  io-7  j 


Carto-j 

C-l:  70.9 
2-  76.9 
3:  82.0 
.<!  87.8 
.5'  ‘»3.3 
6!  99.0 
TI0*.9 
B-XIO.S 

10:1ZZ.C 

11- IZB.9 

12- Ii3.7 
i3'139.0 

IS-lSo.i 

IC'JSjS-.-t 


Samples  ■. 

-  71.9 

■  -  77-8  • 

-83.0  ■ 

•  -  88.6' 

•  -99-. 3 
'  -Joo.o' 
'  -XOS.9  ■ 
-JU.S' 
-J17.0  • 

-123.6.- 
--  129.9' 

' -139  6' 
'-190.  8 

'  -19C..3 

■  -151  9  ' 

-  IS^C.  .9  ' 


Z4.S  iTo  33.0-1 


HARO  SeAAAS,  V£Ry 
LifA\i:  FoSSiOFeRoaS. 


3.  Mo-ne  rCo/f£  iVAs 

I  BoXfD  4,.  PMo-To  - 

<siRAf>H£t>  PRok\ 

7o.  o  ■  -  16,0.  o 


4.  DR  ILL  IMG  : 

io"  RLidMT  Auger  : 
0.0  '  —  JO.  z  ' 
Rockdir  - 
ho.  z  '  -  JO.  7 
IO--FLi9nT  Auger  : 

10.7'  -  ZS.o  ■ 
l^oTC  •■  Set  8  •’  CaSi'mg 
■fo  23*.  o ' 

6  '  Pi-iGm"  Auger  : 

25.0  ■  -  91.0' 
Here  iSer  6."  Pvc 
Pipe,  ta,  41  o  ' t- 

SRoureb  iw  PLACE  e 
PULLCb  S'CASi'ho 
5’^”  (Tore  aA/CRCc  ^ 
41.0'  -SCo.o  ' 


DL-94 


DL-96 


MILLING  LOG 


HiCKNCSS  Of  OVCRtUMQtH 


OC^TM  0«IILL.CO  INTO  HOCK 
TOTAI.  Ot»TM  or  MOkt 


139-0 

ISS'.o' 


Fill  MAre 


CLAY  SHALE.  :  w.GMty 
wCArHCReo;  yeLLowisM 
brown  With  tiGHT  «RA'l 
SO^T;  damp;  CAUTAReotK/ 
MobCRATcrcy  S-Lry 


•  Mota  :  ijjAf6.fi 

ifj  oi/£RflURc£N  tJAS 
UMl>£r£RM/A/eD  D*/£ 
-r&  D'se  KocKefr 

AFreK  AtteeR  rcfjsai^ 
Uort.BoRlN6  WAS 

Ba/led  ro  Mf.o  ow 
latec  9?  vWiTH  (i" 
Pv':  CAsihio  sRoirreb 
rb  f  LEEr  OPEN 

For  oeSERv'AIioN 

Z.Carfoki  Sampi.es-- 


-1 

4(1,3  •  - 

47  S’ 

2 

71.5  - 

72.3 

3 

74. 3' - 

77.  3  ■ 

A 

82.1- - 

83  1' 

3 

SS-o’  - 

89.0 

G 

73.8- 

94.8' 

7 

77. 7- 

loo.  7 

8 

104.9'- 

LOS  .9 

■? 

110.3- 

tit.4 

Jo 

lld .0  - 

11  7.0 

11 

J”  2'- 

IZi.Z 

12 

1  c  1.4- 

128.4 

13 

132.4  - 

•J33.G 

14- 

J37.4■- 

-J’38.4 

J5 

172.7- 

■!43.  7 

14 

L4e.3'-J49.3 

17 

153. Z- 

£S4.  2 

3 .  AJo  T-fc  '■  Core  iWas 
PHOTO&RApHtD 
Bored  FromC5.0 


27.0  ?  Tb  I5J-0'  T.P. 
HALE  :/aaaRlV  ONwEArH-^ 


CRED;  AAEDtvIfA  TO  DARK 
GRAyCeRicS  ro  L.'aMr 
GRAy);AAoI)eRA.TELy  -Sol 
To  AAO derate Ly  HARD 
V/lTM  .SCATTERCB  MARP 
LinAy  5EAAAS;cALCAR6tc/ 

FossiLiPERooS/  Wirri 
occAsiojJAL  PyRira 
lJ0Cj6e.-r;  vJirH  SCATtERI 
VAALl.  eiASK  CARBoWACI 
SPECKS/ AXEAKS  PREOo 
, waa/ti. y  With  A  Co»/  - 
CHO/OAL  FRAC-fbR£/5ol 
WirH  A/o  Joi'nts  or 
FRACTcIRES  OBSERVED 

/w  CORE.  -Slakes  slow 

MoDERAFEty  .SIOWLy 


4.r>RilLiNG  ■- 

Jo"  FLiiiKT  Auger  • 

0.0  '  -  JO  o  ' 

Ho  re  :*4J6ER  REFUSAL 
7  RocKBi  t  : 

lO.O  -  /G  .5 
Wo FE  :  -Set  8"  CASin* 
Fo 

8"  Flight  Auger  •- 

1<^.S  -37  o 

iJcrrE  ;  SeF  G  PVC 

casing  »D  :?7. 0  E 
GRourCD  N  Place  4 
PULLE.b  8"  CASiHA 
S'/a'  FiSHfAlL  ■■ 

37  o  ■  -  37. S 
S  Vi"  Core  RARre  l  : 
37.5^  -  133.0 


DL-100 


i>b4-C  -  Z7-* 


0MLLIN6  LOC 


b4C-214 


•  otaccTtOMor  ••otc 
I  S0*c«*>e««.  C~)n«r 


».0  -O.s  :  Mfbli/M  ■ 
HiCtH  PLA’STfCiry;  &4 
OR  Y  -  h^MP; 
CAZ-CARCot/s 
.  S'  -9.0':M£bli/JA. 
OCAiTieiTyj  LiUHT 
BRoi*M/y  HARb;  ORy  ’ 
bAMpj  LitAy;  VSRy 
BRAveLLy 

■  O'  -  14.0' : MEb'O'A 

PLAsricTty/  Brouim  - 
Li'&Hr  BRoL/^y,-  \/£Ry 
■S  r/pp;  OAA\p,  L/My  ; 
URRy  BRA'^RLLy 


?.0  '-  27  O  ' 

PLAStlCiry;  0RO\JUtJ- 
L ;<SHr  &RAy;  5ri'£f;  . 

l-ifKy;  &RAweuLy 


L.A/oTe.  :  A  small 
AMOdA^r  €>A  P^lt££. 
cJAreR.  u/aS  PR<£S£Mr 
/d -ny£  ALLt/iL/AL 
AAA-r^R/AL  PRoM 
2.7.0' t  -  Z8.S' i 
A  Midi’  TBS-r 

uJAi  liar  A)£Rf<iRM£D 
Arr-l’His  -T/mJE. 

A/oyB  i  SoAidLS  u/Arii 
6AiLe.i>  -Td  /So. o'  t. 
od  l^fJlLiJ.  £  L£.£r 
Of>£j  PiiR  U/RTPR 
L&yed  uAseMtrri'c’d' 

2 .  bsEyJiSoJSAMpLRS  : 
AJoTB  :  Vo  ..SAMPUeS 

U/PRe  OBTAidSO  ,W 

OVBRBt/RbBd  Ode  -Th 
A  LAA&£  AModdT  or  , 
LsRAYbl  id  rde  CLAy. 


t»B  1 

Jl.o 

-  33.0 

2 

33.0 

-  35.0 

3 

33. o' 

-  37.0 

■4 

37.0 

-  39.0 

s 

39.0 

-  -4 X.o 

& 

■41.  o 

-  43.0 

7 

43-0 

-  45.0 

a 

45.  o 

-47.0 

f 

47.0 

-44.0 

lo 

44.0 

-  Sl.o 

3  Cartoa  Samples- 


20.5  * -(MUcK)- 


CLAY  SHALE:  di'<^HLy 
ydEA-rnERBO;  ye.LLo 
RRouJid  <  Lddd-r 
GRA'f;  SoAr;  OAAAp; 

calcareous ;  SicTy 


- 1 

32.-7' 

-  33.9  ' 

2 

sa.4' 

-  54.4  • 

3 

C4.3' 

-  CS.3  ' 

4 

70.1' 

-71.1' 

5 

73.1' 

-76.1' 

<:; 

8o.9  ■ 

-81.9' 

7 

96  S 

-87. S 

8 

92.Z' 

-93.2' 

9 

48.2  • 

-99.2' 

lo 

lO'f.'A' 

-  10S.4  ' 

It 

109  2' 

-110.2' 

12 

115.0 

-116.0- 

13 

110  7’ 

-119.  7  - 

14 

124.2 

-IZS.Z 

15 

130. z 

-131.2' 

k; 

136,0 

-137.0 

17 

141.5' 

-142. S 

18 

147.T 

-140.7 

19 

153.0- 

-134.0 

20 

139.0 

'-  iCo .  o 

M  **  COlTIOIIf  «««  «WM.CTr 


I  WOI^C  ■« 

Ai4tow>«  Ri/c*  rj^Mec.  '6t>4c-Z7y 


DL-102 


DL-104 


OMILIM  L06 


\mm 

D 

liiliiHHi 

» 

tiM,  !•••,  4m**  •* 

•(«.,  »  tlgnUUmMt 

#  _ 

i.A/cr£  :Aty'6£iepr> 
/a/to  /=ie£^  ia/a«/; 
^^OAA  £7.o‘  ~  o'. 

A^T  MA!f/rA/W&> 
tAreA  ujjrnat 
L6^£.L  0&S£R.i/Ar,i,rJ 


2  ■  A/ote  r  Ay^  ^AAApL£^ 
C’ATA/A/lec 

b<^.i  Li  I..J& 


:  £.-LofL 


MMMfi  ie>£>  ^ 
<yMJf£^  lo&  \Ajeite 

^UaJ  If/  tfAj 

.i^fee.BA 


r.  Z)<(tt///s  - 
to" PLlaUT  AoaeK  ■■ 
o.  o'  -  3o .  o ' 
Vorg  ■•  S"  j-ntet 

itASifi<i  7S  o 
8  ■' >«-  AtJ6£A  : 

3o.o  '  -  4o.o' 
A/ort  -.Sfr  C  ni/c. 
C^Sif/^  To  4-0.0' t 
GKOUTeo  ,v  PtAC£, 

4-  '/Z  "  Pi'sHrAlL  : 
4o.o  ■  -  JC4.0  ' 

AJo  Tt :  BoKina  tuMs 
^OUT£t>  oi/  24P£e 

'B4 


'•  LoCA-noA/  : 

■ - &y«-/WArir 


'4or»  :  SKffcH 
-f>S4Ai.£ 

HoT^.BoAiJA  CA'LLet, 
*4  P PlouA.  On. 
PRoptRr^  Wrr«  ktaUT 
Of  €.n-ntf  oerniiAfb 
By  S.AK'a 


»“!«•*  II J6 


mcviout  IWTIONt  AM  0«i 


|MO/tCT 

Sv/  Afttbijio  Ki/istt  TiJ4ue£ 


I  MOLt  WO 

'?P'-2  76 


•  DL-107 


(0.0  to  21.8 


rockb i t  , 
b*'  carbo- 


SHALE  -  weathered,  yellow 
brovn»  maaslve,  noatty 
blocky  atnictiire  with  a 
few  arattered  plastic 
seams,  soft  to  moderately 
aoft(rock  classification) 
cal careous . 

Open  4S  degree  Joint  or 
f ractura(no  slicks)  from 
12.4  to  12.8’,  a  few 
hca  led(t  l<tht )  f  rac lures 
scattered  throughout. 


21.8  to  180.0 

SHALE  -  unweathered,  dark 
gray,  massive,  lime  coote 
Increases  with  depth  unt 1 
35*.  then  remains  consis¬ 
tent  until  T.D.,  moderate 
soft  until  3S’,  then  mod¬ 
erately  hardfrock  class- 
‘f»cat*on),  chemical  odor 
aft  er  t  <»  T.  D. , 
green  glauconitic  sand 
within  abate  m«trlx  from 
152.5  to  155. O*. 


0.0  to  10’  - 
10  to  180'  - 
old  bit . 


This  hole  w^^s 

started  by  government 
drl M  crew.  See  log  by 
Jack  Stokes  :  r  nf  -r- 
mat/on  on  top  ten  feet 
Hole  cased  ti'  ten  feet 
and  grouted  In  bv  ab"ve 
crew. 


* 

Hole  to  be  hailed 
at  a  lat  er  dat  e  . 


All  core  recovery 
was  wrapped  in  cheese¬ 
cloth  and  sealed  with 
wax  before  being  placed 
I n  core  boxes . 


Hole  cat  (  on:  Ho'e  is 
87.5'  3t  a  bear  ♦  ng  ■'  f 

S  4  I  ■  E  f  f'Xfl  r  r  I  r  »  rrw  r 
marker  5P-'h)ii. 


t>g  L 


be  2 
4.U) 


^0  e 

4.i'0 


be  4 

y.s*) 


.  tJore.  ■■  Mo  f^neE 
Ukre^  E^^KitjG. 
Bok,’/^&  bJKi^a 
OKiLLi^e,;  BoiJiiJS 
CAS£b  ^ITH 

8'  Pv'c.  e,  pe  «- 
<SRotir£b  r/J 
To  Xo.  '■ 


2.  Jar  SAMpLes: 


0.0  '  -  4.0 
4.0  - 

C  .c,- 


3.  tiSiX I  Sot/  samples  ; 

b«4  :  2.6'  - 

2:  4.6  ■  _  6.6  ■ 

5:6.6'-  ».6  ' 
4:8.6’  -  /o.  >">' 


^.bRit-iine,  ■■ 
Io''<ui«Hr  Ad0m  R  •■ 
0.0  ■  -  2.6  ' 

C  "  £a6W<hi4  fiARiQEl. : 

2.6  ■  -  40.0' 
A/o-ne  :  SoHitl&  LiJA« 
«t6t>  c  8"A»(/<; 
Pi(“e  tt/As  PLAceo 
-7£>  40 
fW  Pi.AC£ 

S .a/oTBz  8oR'  ^6  /'s 
To  f>e.  b£l^^V£0 
uJi'TH  W'CoAiC 
BACtet.  or  A  COTKK 
t>Art .  A  /vigTAC 

coi^ep  tt/AS  Pij^ep 
OV'tR  BoAitJA  Pott 
P0oT^CTioM. 


6 .  More  :  SoR/’46  OA£- 
ser  ApfRox.  6o'S. 
ALoV6  ALiCRmoAT 
pijt  ro  -rRA££.<r 
WAzARb 


\h 


OttLLIMC  LOG 


OJiCT 

San  Pedro  Creek,  San  Antonio,  Tx 


imitmO 


'♦  «!*  AaO  TVW  •!!  _ • _ 

mnmwfBrTtroiTTOT  iczRisTTinr  i  wry 


0,0  to  0,5*  -  Concrete, 

0,5  to  UO  •*  Base  Gravela  - 
coarse  to  fine,  daep,  red 
brown,  very  sandy. 


1,0  to  U,0 

CLAlf  -  high  plaatleitv, 
soft  to  Piedlua  stiff, 
•olst,  dark  olive,  fmvels 
scattered  within,  possibly 
an  extre»»ly  weather^ 
shale. 


u,0  to  11.0 

SHALE  *  badly  weathered, 
a  soft  clay  consistency, 
noist,  soiM  good  shale 
structure  after  fl*,  yellow 
brown,  sone  light  gmy, 
sasslve,  silty.  Use 
nodules  and  concentrations 


11  to  120*  -  rockblt, 
unweathered  dark  gray  «  JU* 

120  to  1P03 

SHALE  -  unweathered,  dark 
gray  and  white,  m'slve, 
calc,  cheelcal  odor,  inod' 
erately  soft  to  nod,  hard 
(rock  classifleatlon), 
llff»ey  throurhr>ut,  pyrltc 
8C«att«red,  si.  fooolllfcro  lo. 
Slightly  rlaoc''n\tlc(rvind) 
fro«t^3  to 

green  glauconite  sand 
scattered  f?vm  t6h,ft  to 
1^5*3*#  norite, 

Recoees  very  llpey  after 
150*. 


0,0  to  0.5'  -  7  7/"" 
rockblt, 

0,5  to  2’  -  11"  rtrarblf, 
2  to  11'  -  to"  aop--, 

11  to  120'  -  7  7/«" 
rockblt, 

120  to  IBO*  -  carhon 
core. 


Ho  water  level  tak'^n. 
A  bentonitic  grout  mlx« 
ture  scaled  up  hole  ^ft,- 
er  drilling  and  E-log* 


Hole  recorded  with 
resistivity,  caliper, 
and  gasRter  logs  by 
contractor. 


All  *♦**  recovered  core 
was  wrapped  with  cheese¬ 
cloth  and  sealed  with 
heated  wax. 


Hole  Iccatlont 


with  betrlnr  nf 
S26'R  froa  SP-POO, 


Driller  called  unweath¬ 
ered  at  y*' , 


J»r» 

0,5  lo 

1.0 

1,0  to 

^.0 

k.O  to 

P.o 

R,0  to 

11  .0 

*^«Ae^**  18  36  eefvtOM*  coiTton*  *«t  eewi-tT* 


DL-116 


DL-118 


OtlLLINC  LOG 


tSviTi 


SWD 


I  MtOJtCT 

San  Irdro  Crn^k,  San  Antonio,  Tx, 

[«.  LOC/kftCm  •* 


MalaM*. 

'  ■  ■-  ■ 

_ c  Worth _ 

n  ltf«  AMO  TvW  OP  «IT 

If  «aWuPAC«~uI»CM^  OtVCMATtOM  OP  OmTl.'i 

*•  roPAt.  MO.  or  oven-  jwpTuSiic 
•unoiw  tAMFLlS  TAKCH  } 

PC  tot  AC  wwiagn  com  soKCt 
la  tLtvATion  enouno  nAren 

i t«  *!■«;«>  ■  Jcoi 

««  OAtC  MOLt  I 

tp  iLevAtion  von  OP  N04.C 

i>  tovAt  cont  meovenv  pon  oomnc 
I*.  ticoAvuwe  OP  pwinjcTOn _ 


6A^C-2‘^ 

;«NCtv  h 


or  S 


I*  MOCt  no  (Am  aA*^  mm  rHlvl 


[onAMC  or  oniLLCn 

Reese 


6AUC-2R0 


[«  omtevton  or  ho». c 
Cl*«**'c**-  Ll'nc* 


t.  VHiCRncssor  oveneunoen 


h  oenvM  oniLkCD  invo  nocn 


•.  TOTAL  Dcnm  or  noLt 


lflo.3‘ 


NVCV/.. 


rlr^?*TTB^^  i  am 


■  e«  1  OClICNktiOM  Of 

J  Ardnex  Den  ye  f 


>(•  <  o*t  koots 


•2  my  pa 


Ma  y 


"f:'.  , 

»CCOVl»r  »©■  BOMIMC 


•  iNl^tC  »e>n 


‘l*«»  / 


»r 

(,:f 


ntMAMRI 

!«>•.  y.. 


Drllllry 


0,0  to  1.0  -  11"  ira«bl 
1 .0  to  5*  5'  •  1 0*’  *ufer 
5«5  to  120*  •  II’*  (jr*»r» 
bit, 

120  to  1^0’  •  a"  cAr^n 
core. 

Driller  called  eloper 
drllll^r  Aft«r  1U^*, 


Hole  boilof  ^fter 
coaflet lor  of  ir  H 1  lop. 
Left  open  fo-  future 
wtop  cLeoh,  R-lof,  ,jnd 
ftroutloK. 


Hole  locatloni  27, V  frof 
Sr-^QO  At  a  fcy'Trlnp  of 
5  p?'  f:. 


A.  OJ  to 

n,  i.t?  to 

C,  ‘;,n  ♦o 


1 .0 
5.0 
5.5 


All  core  rnrnvery  wir 
•n’erpo;}  In  chonunpioth 
And  ne^Jo-i  with  a  wariiod 
up  “AX  an-t  p1to»(J  In 
core  bojtr-T, 


Unweathered  shale  ^ 


DL-138 


DL-1-0 


DRILLIHC  LOC 


iM*  H*.  6  A4C-28  5 


(•  Mit  AMervpc  Of  BIT  s_/% 
<i  5ATUII  FflR  TltVlTTQWRBVN 


SPHALT  5JRPACC 


•'  -n>  cy*“ 


yi  '^b  7.0 


■  Njqn*  ^  Peg£  WAT/S(? 
Lcveu  v</AS  e«^r£ij. 
f  K/&  8Q^r*./&  DliRl»id 

auaerikig  at 

tT.o'. 


PtASr.ciV 

'^euouJts/* 


WfArH^RCD;  yfiLLOWlsH 
BRoW>>(  tjfcH-r  SRA)  ,• 
Sof^;  fAtCAR  :<7l»5/ 

A\ei)<l/M- PLASTiC.ry 


2.  Jar  SamPL£^  : 

A  6y»"  -  3  0- 
0'-  3.0'  —  4  5  ' 
Ci'f.S-  -  7.0  • 
D;  7.0  ^  /2.0- 

e:i2.o-  -  /3  6' 

/4.5 

&-J4  5'-  /7.0- 

H  -.n.o- -  et.s ' 


t.  Mons :  aIo  aiVJToJ 
SAMPLES  TAK/Sa// 
ALL  Cork  WRAPPKb 
in  PARAPPtiJ  A»Jd 
8oa£D. 


4.l>RiLL!iJ©: 
io ■■  Au&£f(.  S 

0.0  ’  —  Zi.S  ' 
fJo-r£  ’Ser  8  "  s^ee  l 
CAsiri^  -r*?  21.5 ' 

C  ^-’p-rSMTAil  t 
^<•5  '  -  /OC.o  • 
5"  y*"  CoR«  «AARe  L  s 
jo&.o'-isy.o  • 

syt."  P" isM-TAl L  5 

isy.o'-  J.70-0- 


S.*iarT6  ’•  £.  -Lo&. 
&AMMA  t  CALiPfeR. 
UO*»  W£Re  RUaI 
iM  BoRiM©  Oa/ 

^5A^Ay*4• 
i^o-re  ■  BoriM©  w/as 
BAiLKo  t  ©RooT£.b 

OM  ZSAaAY'»4 


Tiscrij 


DL-142 


DL-145 


Htl.H*.  dA4C  -zet. 


ociLLnw  Loe 


MOCC  HO.  M*  alMW  M  *•**!« 


•  oiHtCTiow  wecc 

6^»tHTIC  *k  QiHCUIHVO  _ 


^A4C-26<4 


*t  rorAL  mp.  ow  ovtm- 

•UftOCW  i*M^VC>  TARKM  I  ^ 

14.  TOTAi.  MUIMtII  COMI  •Olft  2  Z. 


'*9-  tCCVATIOM  fO^  or  MOCC  645 


eo,o  • 


PHALT  SORfAC£. 


CLAi  f 


\*JA-r£K,  Be.<S>PitJ 
csi/A- 

AU&Btzihia 
AT  if.o  -;  K/o-ns. 
8oK.>VI*  (&AILAP 
Ti  kJCAB  -r.  t>.  o»4 
tlSBfrr.  'B<- 


CHBRY;  tlAMTBHow 
Wer;  Limv;  VC«y  CIA 
(/vtt/eA’y) 

.5  ^  r«  42. O  f 


r-1; 

-5'^.  2' 

-5^7.2 

2J 

<,1.S 

-62.5 

3' 

67.2 

'  -C8.Z' 

4: 

7/.y  • 

-  72. y 

:S; 

7  7.5 

■-  78.  5  ■ 

6; 

83. i  • 

-  84.1' 

7s 

88.3' 

-8?.  3- 

y4.8' 

-  y5. 8  ' 

y; 

lao.U' 

-jox.t,' 

fOS 

XoS.J 

-Jt3i.9- 

i/s 

XJX.C. 

■-//2.6' 

J2! 

iJC.B 

-Xt7.B 

i3s 

i22.6' 

-/23.6- 

i-is 

/28.y 

-izr.9 

/5  s 

/34.8' 

-X3S.B' 

/as 

J40.6- 

//: 

146.7 

-/♦7.7' 

<8- 

tSI.9 

-/52.y 

i4s 

ise  r 

-iS9.Z 

^o^ 

/62.7 

-J6.3.1 

Zl: 

/6e.7‘ 

-/6f.y  • 

22-' 

/74.7 

-17S.9 

3. >j<rre ;  CoR€  WAi 

PMoTo^RAPMCb 

4  SokED. 


4.  sloTE :  Resisrtvjry 

6Am»AA  *1.  CAUrtZ 
Loas  W&RE  Rc»>4 
i»J  BoBi'k/A  aftee 
DRlLLiKfa 


WEArNEAEo 


EHC  rotM 

MAM  fl 


8  36  PMVIOVI  tOITIOHt  ««•«  0«l 


IMOAtCT 

'5am  P£»Ao  TUMMfiC 


I  HCKC 

^4C-ZSC 


I 


DL-150 


««f€  *wc  ft m  or  •♦T  C^'dlA/CBeiLo'^ 
rTsirwmjw  (iivitibh  lUoivVftV  « lati 


HiGM  t>A 

-  »/eny 

5r'»>‘A'^  DAMp  >  SLl^MTI 
;  CAlC^A£ac/S; 
cJirM  ^<j<rr^9K£ti  €.»av 

4.  S'  -  io.o  'i  ‘Af£t>i^M 


PLASrfiCl  ry;  LitiHr  eK 

HAPa;  V£R 

Li'w  y;  uJirH  JfcA  TTettE 
SMACt  &RA.\/£L  T€>  v6« 
&RA^en.y  PRoaA  S.o' 
to  .o‘  * 

.0'--n>JX.o' 

CLAy:  mC Di</M  -  H,&n  PlAi 
bARtf  ORooj^;  v'eRy  5r/V 
OAMp;  CALCAHeoL/S  ,■  uX/ 
occAs'lot/Ac  dRAyec 
li.O  -TO  J4-.0' 


1  Ajott-.f^AEi:  U^Ararc 
&\XT£RifJ6  Bar /a/ a 
C«/Li.i>J& 

Af  14  .oi ;  u/A-reR 
£ASe3>  Off  kjJiTR  8" 
^v'c  p.  PC  tseoi/TKfc 
'■/j  PLAce 


2.  Jab  SAMPLCi : 


A ;  <7 .  o 
B;  3.5' 


- 

-  -y.s  ■ 


C:  4.S  '  -  C.o 


UieATHe.R£b;  yettoo//. 
BRoujy  *  LidPr  SRAy; 
Sopr^  PAMpi  CAlCAR£o< 

/W60.t/M-M/'6*/  PLAiTiCi 


t>:J4.o’  -  /4  S  ■ 

E  -.X4  B  ■  -  21.0 
P  -.21.0  -  2i.' 

AJo-mjcoiJLb  f/or  c» 
■rA,\j  fiepAe.ie^Ar,\/£ 
SAtAPUE  PAoM  Jo.  o  '- 
l4.c>'t>tJ£  r„  dR/lp 
u/aTBR.  «,  bRt'tL  Ml/o  . 

3.  bErJisoP  SAMpieS  : 
t)8l;C, o'  - So 
2  ••  0,0  '  -Jo.o 
Ajore.  :  Lost SAMfLe- 
PBoaa  jo -o'  -  12.0  ■ 

Ojt-  To  GRAVeu 


4.  X>R<iliiJG  : 
lo''Pu6irr  Aogbr  : 
0.0  ■  -  C.o 
-  A/o^.ie.r  B" ^rfet- 
CAitPB  ro  &  o' 
C,"be.i.jist>‘j  Barkbl: 

C  .o  '  -  12.0  ' 
lo  "PCi6Mr  Auobk  • 
12.0-  -  2^.0 
No  T4t  ■•  PUU.BD  %TCeu 
CAsoJd  %-Serr  b"P\'o 
CAsIug.  -r»  2  5'.o  ». 
&Rotjreb 


p.  a/otK  :  BoRiNG  ro 

I  es  D6Ep6>/^^  iAntr 

uli-r»  C-CoAf  BAtPGL 


®*^^9f**  18  36  tWTIOWt  AMf  ««Wt.lTV 


lAfiOAICT 

'5Aa»  PCDRo  ToNiJEl 


MOLc  wa 

'Cbc-zeiA 


5 


OMLLMC  L06 


s.  H.Mc  or  oeiLLcn 

Reese  of  Hllyard  drilling. 

•  omtcTiON  or  moli 

_  ec«  .MOM  v<Mt 

T  TMiCKNtss  or  ovtnaunoCH 

see  •• 

It  oceTM  oeivLio  tHTo  nocic 

Iso* 

Gardner 

MTIOM  or  QMILL 

Denver  1 5^0 

!«•  fot4L  MO.  or  oven*  1 

1  0  0  1 

!»•  TOT  4l  NUMstn  coat  aoKti  33 

«t.  CbCVAtlOH  onOUHO 


»•  «ION«TUIIC  Of  IMSP 


25.0  to  37.2 

SHALE  we4ther#<t  yellowist 
brown  and  light  gray. 
Mssivo,  calc*  aoft(rocfc 
elaaalf leatlon),  eoaa  varj 
anft  plastic  sesas  scat!- 
erod  froa  25  to  32.9*. 


37.2  to  IflO.O 

SHALE  *  an  unweathered  dark 
gray  and  white*  liwey  to 
very  Itmey,  calc.  Msalve* 
Mostly  Moderately  soft  to 
Moderately  hardCrock  class 
1  float  ton),  a  few  scatter* 
ed  and  thin(lesa  than  O.t* 
thick)  hard  ceaented  seaes 
silty. 

chenlcal  odor  after  50*. 
pyrlte  scattered  throughou 
gets  very  llMsy  after  120* J 


Ho  apparent  dip  or  fnte* 
tures. 


0.0  to  25^  -rean  out  pvc 
with  7  7/fi"  rockblt. 
grout  froM  21.5  to  25*, 
25  to  IPO*  -  6“  core* 
carbon  bit. 


Thin  hole  started  by 
Kovernnent  drill  crew  to 
25*  and  then  eased  and 
grouted.  Jack  Stokes  w&s 
geologist. 


Hole  to  be  belled  after 
E-*log.  None  latncdriiely 
available.  Hole  to  be 
belled  at  a  later  tine. 


Hole  l*^eatlont  Core  hole 


Is  27.5*  ahd  N22*R  froe 

sp-ioo. 


All  core  recovery  was 
wrapped  in  cheesecloth 
and  sealed  In  heated  waxi 


Unweathered  rock 


2.  Jar  SnMPi.es : 
A:  C"  -  z-f 
S-.9  ■ 
C'  jr.9'~  7.  2  ■ 
b-.  7.2*-  f.o- 
e-.9.o’  -J2.Z' 
F-.J2.2*  -  /■f.5  ' 
&:19.5  ~  jl7.o' 
Vi-.17.o'-t9.o- 
X;l9.o'~zZ.e' 
J:22.a‘-27.o* 
l<;27.0'-3o.o* 


e:3«.3*- 

37.9', 

3:4S.S- 

44.S' 

4-.49.T- 

So. 7' 

S:SS.y'- 

SH.S' 

6:40.7- 

Ct.T 

7'65'.o'- 

66  0' 

e‘7l.Z'- 

72.  2' 

f78.Z‘- 

7f.2' 

IO  B3.4  - 

84.6' 

ll:9o.T- 

RX.  7  • 

tZ:9S.9-- 

P6.P  ' 

ir-lot.i’- 

102.3' 

14:104.9- 

107.9' 

iSUXZ.T'- 

113.9' 

16 '.118.6'- 

117.4  • 

n:lZ3.0'- 

126.0* 

X8-.128.2- 

12T.2‘ 

tl  137.3'- 

-134.3* 

20U3e.4'-X39.+* 

Zi:14i.S'- 

•1#3'.5  ' 

iZ:  1*9.7- 

■ISO.T 

.^ore;  Core  was 

6  PHOTO 

autviou*  eoiTiowt  »•« 


GRArHeb  FRO<A 
30.0  -  1S6.0' 


I^OilCY  **^ 

5AR  ArtoMi'o  RiVeRTj>Met.<bA4C-2^0 


ratTPnffwffi 


1$  36  foi»«Oi»»  »••  o»»n\.ryt 


1  fnvo/r  c  *  j  **0*.  f  wo 

'Sau  AMro«4io  RivtfRTukiucL 


r»4<*iiyfC»T' 


DL-161 


DL-165 


DIMLLINC  LOG 


.  WA-reic  Le  ve  l  .- 

u/.vr£R  8£ - 

SAk/  BtJT&Ri^A  AT 

i7.e-J  ti<J«  /a/6 
AtJ6£Ri>J6;  PoKiud 
WAS  Bailed  tfa 
165 'i  oaJ  7 Acte. 
6L6£t  ope^  PoR 
OBSeRk/ATicxJ 


pcswinfia 


HlAHLy 

THemSb/  yELUnJi 
9/70WM  WITH  L)«HT 
ORA/V  So  fir ;  DAMP/ 
CALCAff£o</t>  MfibiOM 
Hf6M  PLASTiAiry/w/i 
iCAri'BBBo  PooRuy 
HeALCP  raAcruRBi 
AT:  Z3^'  -  g*.o' 


2.  CartoH  SAArtpt  es . 

c-l*.  27.0  ■ 

-  28.0 

Z-  33.1' 

-  34.1 

3:  36. Z' 

-  37.0- 

4:43.9' 

-44.7' 

£•■  SO.i' 

-51.0' 

6:  5--P.5'' 

’  -55.0 

1.61. O' 

-  62.0' 

8:67.0' 

-  68-0' 

9:  72.6' 

-  73-6  ■ 

ior  77.7- 

-  78.  T 

li:  83.6' 

-  84.6' 

IS  '  87.1  • 

-  70.1' 

13:75.2' 

-  76.2' 

J4:iOS,o' 

-103.0' 

iS>106.3' 

-  107.  3' 

16'ilS.o' 

-116.0' 

LTIZO.O' 

-121.0 

ie.iZS.6 

-126.8' 

19  130.7  ■ 

-131.6' 

20:j3e  O' 

-  137  O 

o 

-145.0 

ZZ-lSo  o 

-  151.0 

Z3-IS6.0 

-  157.0 

24:161.0 

-162  O 

25:  Hi. 4 

-167.4 

=i 


=R 


l3.  Mote  ;  Core  wa* 

SoxEb  PHOTO - 
graphed  From 
33.0-168.0 


.More;  E-Log, 
&Aa«aaA  Log  t- 
CALiP6R  Log 
WEReRVH  I'H 

SoRiHG  OH  SAliS. 


DMLLMS  LOG 


CLKVAtton  CKotmo  VATca 


mm 


**W0A 


lEiDl 


\=m 


MALfe.  ( MAh  Li ;  OtJ- 


vJeArt^eRdb;  dar* 
<S>R.Ay  (.bitie.S  -r*  A 
Li&HT  C^RAy);  Sofi 
MobCAATALy  SoAf 
W/  rn  OCCAStotJAL 
HARb  LlA\y  SCAM.; 
bKy  -  bAM^;  CAL-' 
CAAAoU^  SU&hTl 
y^Afiy ;  ^ofsiu AM, 
vJiTH  OCAASiotJAL 

PyRirA 

MAai^  PRBpefM- 
IhlA'Jft.y  \aJ{TH  a 
CotJCHoibAL  f^AAC 
TV  At  ;  yJt-fH  oVt.y 
OVA  t^KAC  tVRe. 
oSs£Ry/6b  /•/  ctoRA 
'tRACKS”  RApibLy 
UP«»i  £KpoS4/RlS 
^  SuvCk^vt 


mm\ 


:=B 


yo  FUAht  Au&ka  : 

0.0'  -  22.0' 
MoTg !  Set  s’ireeL 
CA|5>M«  To  22.0' 
d"F(.iCHT  Au6£it-. 

22.0'  -  23.0- 

f'/a'^Cowe  barrea.: 

23.0'  -TA.o- 
KJotr:  RCAMCb 
BoRimO  With  T  Vb' 
F’iSHTAiL  Bit  to 
J'A.O'*  bRiLiSb: 

S6.0  •  -  5-7.0' 
NyT£  '.-CgT  6"PVC 
Pipe  TO  S^l.O  l 
CBMBttie.b  in  PLACE 
5"'/* "Core  Barrel: 

S7.0  •  -/&a.o- 


&.Bor1ha  Lo  CATioti : 
ftoTAt  BoRIiJ*  mM& 
bAlULCb  A'lTy 
PRoPAPr/  witM 
RlAHf  OF  AiJTRy 
e«rAii4et>  Sy  sara 

Skktcm  kIot  n> 

SCALK 


BAbLy  ARof<A<J 
i>J  fte/yAoViht^ 
Pkoaa  Coaa  Barr 
DRilLAD  -roe  OR 


l=Q 


!=E 


i.l'ro  8.2- 
CLAY: 

L.L'-i.S’  iMeoiytA' 

Mi*M  PLASfitiry^-  SLA  CK; 
HARb;  bAMP;  CALCAR**  »>$ 
l.g  -S.O  tMgPlUM. 
PLASTfciTy,  LlAMf 
BRoWtJ-TAM;  MARP; 
b«y;  V*Ry  6RAV* tLy  ; 
vgRy  LiMy 
g.O'-  g.2' :  M£bA*iA 
PLAiTtCiTy;'  L  i 6 Hr 
BROWH  -  rA»4;  STiP^, 
MOiST;  GRA>/£Lt/; 

YeRy  LiMy 

8.2‘  To 


M£0)«/M-HiftH 
STiciry/  y£LLow« 

BRovahJ;  V6Ry  sriPP,- 
DAMp;  CALCAR*0<A«  W>  'H 
MODULOy  WITH  OeCAi  - 
ioHAL  ARAVCL 

IB.O’i  To  4S.o*^ 

CLAY  SHALE;  HisHLY 
WeAYHeRep;  y«ttowis^ 
BROvyH  With  L>6MT 
GRAY;  5oPT;  damp; 
CALCARCooS 


CvRourgb  APhl£A. 
De.iL<.ILl6  AWP 

Was  iJ^r  L£pr 

It  oB  - 
$gRv/ArioH 


2.  CARTo J  Samples 
C-1‘.  t^o.s  -I4j.s 
2:152.0  -iS3  0 
3’iG2  5  -  165.5 
:^"CoR£. 
SAttpLBS  WgRe 
TAHrei-l  POA  PROP. 
MESRi 


3.  DRiLLihG  : 
WPlight  Auacr  •■ 
0.0'  -  Zl.o 
hioT*.  ■■  Sm.r  s' 
Sr££.L  CASIH&  To  li. 
T^fs" PisurA't  8i  T  ! 

21. o'  -  140.0' 

Ct  'CoKt.  SARRCL  : 
LiO.o'  -142.0' 

7  Vm" ^isnrAii.  R/t  ; 
i4Z  o'  -ISl.S 
C,"Cote  Bakmbl-. 
151.S  -xsy.s 
1  'ys  "  Pistfrnit  S'  r  : 
ISJ.S'-ICZ.O' 

6"  Cone,  bakk^l  ■■ 

i6Z  .O  '  -/i4  O 


,  Mert:  ResiSTiViry 
Loo  <.  6A*AA^A  Loa 
WRRR  ROH  in  e«A  - 
IH«  OH  yoAoa.  84- 


Pdfvtoo*  totnowi  »«■  o*toi.iTt 

rrffAAitvfawn 


iMOAtCf  iHOCCttO 

•Sah  Ah  fan  is  RiyCA  rjHH£L  3F  -  EY3 


ATHene.bi  TiAKK 
6/tAy  iOHiAt  -Tm  A 
LiAHr  AK/<y);SoPT 
■Tm  MOH&KATALy 
ftiirH  At/  OCCAbiotJA 
Yt4  iht  t-lAIU>  S&AAA; 
LiMy 


LOCA-TiokI  ' 
lsloy.;Boai'>j»  wAS 
DKillCD  »iJ  6eeb -■ 

yfiAn  riAe  co . 
PffopAKry  WirM 
Ri'&MT  sr  £iJtav 
OSTAihlfee  By  S.A.K.A, 
(St^erat  UoT-r*  Scaia') 

I 

I  ♦S'^-2^3 


•  AM  eM0i«T« 


•sill  Afifoiiio  ^  -  21 3 


H  34  «•€  OM0Vir« 


J«»«o#ec»  Hovr  no 

'Sam  Awt\>M»o  R*vahTjmn/6c  -293 


DL-1 78 


tTWHHtLOCwry 


DL-180 


1  ftmtt  t  •  ,-w  y^'*-  ^ 

p  ^‘  ttOilCT  . .  *■  - 

.Ci^KT- 

;yX  ;<^iJa.'i^_'/ •.  .  .. 

|»  OMIULIMS  AiSCWCV 

/♦ . ■  UJA‘:yiu-j:qu4- .t^\ a _ 

[t  »IOLe  N9  .A»  A* an  an  d>*««n>  Mii*' 


H«I«H«.  3P-Z.9S 


tMeer  j 


J?A,y,ec  .f2^o_ 


L  "Auf  of  Oni'^l  tr 


^P-23.5  1 -  - - -  -  -  — — ^ - 

.-±c - fc=_i_- - |«e.  toTitt.  { ’jMatn  rof*e  PO-^.i  tj  J j 

j.TiLe.  r.,w  o.<-„-o  I 


e.-.P.'./>DfH  IQ  C'*  !  } - - - 

-  - -  -•fc  -  — -  — - - 4  ••  TOT  ->1.  COAT 

,-o.oc«  JCZ.O  t _ I.;-;,-ii:ruir.? 

leo  .n  ■ _ 

.1  rraanl  CL  *»9IT  »C  *Tietl  0»  ‘  ••*1  *  I 


_  I  .^.f  AtuvSj*  .■S'Se.o-r.B^ 

«7  t^TVATtriw  fO**  OT  MOUC  ^  ^ 

COAT  ne  -VCAT  FOA  STAtfl'^  ij  ^ T 
uSt  C'  1‘it^eCIO‘i  '  ~  ‘ 


"H 


TICK  Of  M-''  '  9  ■  %  COAC  lAOM  'JfC  MfHAMKS 

f  I  aaf-  r,,..  4.PT,..' 

//  I  *  *  *  aaa«A»»fng.  at*,.  I» 

_ i _ »L — L  •-  -  J-  '  .  I  -—- , _ e _ 

^  1  I  t  K  •  vJAr&g.  Lgi/g^. : 


0.0  -To  o.j  ■  1 

asphalt  SoPPAce 

O.l  '  To  O.S  ' 

6gAVgL  eAS^ 

O.S  '  To  IC.o' 

-CCAy  .:.  ^  ^ 

O.J  -■F.O  -'AlfctXcjM  - 
H»«M  PLASr/cirf, 
t>AKK  BRowJ;  HARD. 
DAMP;  CALCAREOUS 
&AAUCLL/ 

4.0  -Li.0':  A4£biUM  ' 

HiAM  PCASriAiTy^ 
DARK*  ARO  uwJ;  HARt)  ; 
t>AMp;  calcareous 
ii  O  -JC.O' ! MEbi UM 
PLASTiory;  Li'^HT 
SAe.e>lisH  ARA/; 

uettiUM.;  ve»WAio/s  r 

T&  lUE-r  AT  .f3.o 'tf; 

calcareous 

6RAyEL  ;  MEOiJM  -  LAR6I  v 
CMeKTy;  Li(S,t4r  BRotU'.  ,• 
\/ERy  OMy;A1ED'</M; 
SAXUASrkti;  TERy  OLA/  Sy 
■  yg.O^  ^  To  34. o' 

:  CLA/  5HALE ;  HicHty 

WEAYMEREDv  yELLOwi  SH 
0Row>/  «.  LiE^  CRAy- 
5t»  FT;  dam  A  CALCAXeo  i/S/ 
PLAlifU  iVj 


fjorfc:  PREfc  u/A-nSA  - 

BoRf  ucw  I 
DORihlC  AJEERiisIC  ~ 
AT  13.0  i 
>jorE.-.6oA.>jc  w/AS  ; 
B9<u£b  Tb  «T4.o  ' 
ou  6  Sepr.'ay-; 
>joTC;  Could  iJoT 
BA/u  bE^A  bue 
T»  A  RESTAtori'o^  : 
tW  Botjtie,  fvtoAA 
$HAL£  CjTriH&S 


SaMPCESf 
Mote  i  >Jc  tAMpLES 
'fJEAM  EC-rXiHCb 
(TRoM  bR>tLiKl<S 


^PRlLLiHa-. 

Xo'*  PtiAMTAO&EA •• 
0.0  •  -  XT.O  • 

i^IotE:  5Er  jr" 
Eteel  CASiuE-T*  xr.o' 
8"  FL/af/r  A(A»ea  : 
/y.o-  -44.0- 
Mo-nE  .•5‘Er  E"/VC 
PiPft-T.  44.0 
SRoUTED  iV)  PLACE 

4  PltUuED  B'CASiUb  - 

5  V®"  E«»»«AiL  8;r.- ; 

44.0  ■ -'XBo.o' 


4.  fJoTg ;  gEtisTiUiTu. 

&AA1AAA  «.  CALIPER. 
L.oas  vUERS  Rum 
:  fu  BoAiH«  after 

^  t>RIU.iH« 


34.0'^  Tb  44.0' 

5HALE  WARci  ■•  OMtUfiArf  EA£b, 

DARfC  ERA/  CDR'ES  T  .  A 
t.'«MT«R  «RAy)/  5o 
Ta  AAoDEiRATVC^  TT- 
wiVH  JcArra^b  f  Ard 
iJ'*Ay  SSAMS;  CAICAA  toUS 


**!f^r^**  II  36  riavtOMt  tWTIimt  AM  OOTOAITI 


T^OiCcr 

•Sah  pcdroTumhel 


II  HOCC  «o 

5F-2?5 


I 


DRILLING  LOG  | 

1.  PROJECT 

SA!i.£bdi?j^.e-R. 

7.  LOCATION  or  Stmtfon) 

i  DNILLING  AGENCY 


Hal*  N*.  -  3 d  Z 

ISNCCT  J 
OP  5"  SHfCTS 


14-  MOL€  NO.  (Am  mhown  on  ttrmwing 


(ra.  SIZE  AND  TYPE  OF  BIT 

^l.■5^^Toi•■■rBn■r^EVATl6riM6»r?TSl^vieo — 


112  MANUFACTUNER'S  OESICNATION  OF  DRILL 


I  II.  TOTAL  NO.  OF  OVER*  jOitTUNNKO 
I  BURDEN  SAMPLES  TAKEN  | 


Is  NAME  OF  ORII.LER 


4.  OmcCTION  OF  MOLE 

|-lyeKiic*«-  (  llHCl-lNEn  _ 


1/  TMICKNE&SOF  OVERBURDEN 
la  DEPTH  DMILt  FD  INTO  ROCK 


I*.  TOTAL  DEPTH  OF  MOLE 


ICLEVATIONI  depth ILEGEND 


—  U  TOTAL  NUMBER  CORE  BOXES 
IS.  ELEVATION  GROUND  WATER 


I  COMPlCT  ko 


_ I  ^  8‘f  \  e'f 


IT.  ELEVATION  TOP  OF  HOLE 
IB.  TOTAL  CORE  RECOVERY  FOR  BORING 

IB.  Signature  of  in^^ector  y  >  ^ 


classification  of  materials 


X  core  box  or  REMARKS 

RECOV*  SAMPLE  TDrlMlit^  tM»*,  wntmr  ktmm,  rtmplh  ol 
ERY  HO  mtc.,  II  mlgnlllconti 


.  72  .Z*  ^ 72.  7  '  r:ii. 

:  S///iO£. :  ■ 

h/\RK:  Sof^'T  Wi'7>, 

OCC-j^S/oa/AL-  Sci^SHTt-Y 
//A/ii>£e  UMy  S^AaA  -. 
b^Y -M*Apy^Au:Aii£o<jti_  L:c>.z 
f^Jsstu£^otJs :  ^RAe.rt/ru  S 
Jtjujfi  /IS  Lisf^ti  8£Lo  J: 
73.0* ;  So* 

i3.-#‘-7-T.o* :  (3)  SU&HfLy 
SfAitJib 

74.S'r zo‘ op £tl S-rA/>/£b  86.7 

/=*-?/>  cri/je£ 

7L. o'  -77.0*  •-  2io 

l6,.o  -76.8'  ••  S-S* * AAi/i.  r 
Plaa/£.  W/  th  suacejJ. 

<,!h£<  i-  2."  -TH'icjC 
pAtU--r &c>os£  :  iV/'/v/ 
iA^£fiAC'HAiP.U'A/£.‘'  C\o  i 

.s//£aA 

AhdACBfff  It?  Upf>£A^ 
op  f^Mar  PLA>/A 
AiAiap/At-  FaJi 

PlJlt/£  bOtOd  7i  7f .  O 
SHoufS  Soaa£  h/sroKr/A*/ 
Wi-PF  ■FA}euA/£.'SF£Ap  ?8.Z 

8.  2-'-7T.o  ^  ^ 

joo^ 

gZ.o'ilZ-l/VYi&gh 


P,Ac.TUAA  'tTfftd 
*SLi<.K"  F 

£6<S£  oF  CoHe.  . 
^Mc-rOAe.  PAATtAU 
PAKrtALLy  I 

.O  .•  r/isA/r 

FgAC.-fM£  (cJUV^b 
oFF  V^/tfiCAL) 


FHC  FftKU  I  (11/ 


H.U  M*.  SA4C  -3Z^ 


OiViSlOM 


DIVISION 


H.l«  N*. 


DIVISIOM 


H*l«  M«. 


P.\4r:- 


OMLLINC  LOC 


1.  FROJCCT 

:'>AN  ANTONIO  niNNKI, 

i,  LOCAtIOM  (Coii^tn»t»»  or  Sioilon) 

3ta.  ?7^PS 


S  OniLLINO  AOCNCV 

u>Ui-; 


s  NAMC  OF  OMIULER 

lur'iiv-n 


•  Direction  of  hole 

[jflvewTlCAI.  l^'JlNCLINCO  . 


10.  SIZE  AND  TVRC  OF  «IT  . 

Ti"BKT0ilTo*"CLEVAti6H'5H5WM  7T**I  «r  MSCJ“ 


It  MANurACTUNCR't  DESIGNATION  OF  DRILL 

Ka11ln«'  1  yU) 


■  .  DEPTH  DRILLED  INTO  ROCK 

1't6.5 

».  TOTAL  DEPTH  OF  HOLE 

165.0 

IT.  ELEVATION  TOP  OF  HOLE 

!«.  TOTAL  CORE  RECOVERY  FOR  SORING 

99  X 

CLASSIFICATION  OF  MATCRIAlS 
(OoAcrlpt^orJ 


0  tn  0.2  -  Asphalt. 

,2  t(i  .6  -  Concrete. 

.A  to  1 .2 

GNA'/h'L  -  base,  coarse  to 
fine,  mol  at,  broHn,  very 
clayey,  aan-ly. 


t,2  to  6.1 

ClAl  -  hls'h  plasticity, 
allff,  moist,  (lark  frray. 


6.1  to  IP.S 

G liAVl!.'!,  -  coarse  to  fine, 
allehtly  moist,  pale  brown 
very  aarvly,  calc. 


M’,  5  to  )65* 

lillAl,!:: 


"Drill loR 

b  to  .2  -  P"  au^er 
I  refusal, 

n.2  to  1,3'  -  to"  rock- 
bit, 

1.1  to  10’-  10"  au/^er, 
sot  1 0’  of  P"  csng. , 

10  to  20’  -  fl”  dragblt, 
10"  anger  to  20’, 
set  tO!  cang,  dolve  It, 
20  to  90’-  6  5/P"  drag- 
bit, 

90  to  165'  -  9"  caroloy 
core  bit. 

Mote  I  Hole  balled  after 
completion  of  drilling 
to  grout  up  hole  and 
water  seen  entering 
hole  at  17’ . 


Note  1  Core  box’s  sent 
to  Dallas  lab  on 
2b  .Mb  90, 


IP,  5  to  63.0  -  weathered 
yellow  brown  and  light 
grey,  mol.st,  very  soft 
(rock  classification). 


Notes  Unweathered 
shale  at  63* . 


DRILLING  LOG 

DIVISION 

I  PROiECT 

-IAN  AKrONTO  HIVKfi 

2  LOCATION  «, 

Rta.  27+P5 

S|««lorO 

9  DRILLING  AGENCY 

use?: 

s  NAME  OF  ORtLLCN 

HRK-'l-in 


•  DIRECTION  OF  HOLE 

(7:)v«NT.eA».  OlMCtiNeo  _ 


7  THICKNESS  OF  OVERBURDEN 


•  DEPTH  DRILLED  INTO  ROCK 

•.  T01AU  depth  of  hole 


ELEVATION  DEPTH 


^3.0  to  165,0*  -  unweather- 
ed  dark  fi^rey,  sll/^htly 
molat,  soft(rock  classifi¬ 
cation),  hard  lime  seams 
scattered,  massive,  sll^hi^ 
Iv  fosslllferous  through¬ 
out,  waxy,  sand/silt  lamin¬ 
ations  scattered  throu^'h-  , 
out,  very  sandy  zones  and 
bentonitic  zones  scattered  j 
as  noted  below. 


5 


1 


DRILLING  LOG  | 

1  PMOiCCT 

SAtJ  ANTori  niyi-:i{  tiinn-  i. 

2  LOCATION  ot 

■  \  •  .•*7+  P  ' 


No.  V/h 

»MCCT~ 


I  Of  h  sNceri 


I  10  sue  AMD  TVPC  OF  BIT 

rTi-orruBTw*c.eviTi6N  SMftwuTTwrsriBc: 


12  UAHUr ACTUMCR’S  DESIGNATION  OF  DRILL 


i  DRILLING  AGENCY 

__y;iCE _ _ _ 

4.  HOLE  NO  /A0  0/iamrt  on  4lr«tr/n^  f//fol 


9.  NAME  OF  DRILLFR 


t.  DIRECTION  OF  HOLE 

[3 **•  (~}lHCLINeo  .. 

7.  THICKNESS  OF  OVERBURDEN 


•  OCPTM  DRILLED  INTO  ROCK 


».  TOTAL  DEPTH  OF  MOLE 


14.  TOTAL  NUMBER  CORE  BOXES 


IS.  ELEVATION  GROUND  WATER 


.  OEO.  FROM  VKRT 


CLASSIFICATION  OF  MATT  * 
(Oaacripdon} 

_ 4  _ 

corit , ) 

120,  ^  tn  120,9*  -  1.1^' 
f/’aciurfi. 


,  T  CORE  IroX  or  I  REMARKS 

I  RECOV*  ISAMPLE  1  TDrJIlin^  ilai»,  nmior  ls««.  Aoptft  ot 
I  ERV  I  NO  I  woottmttn^,  •ic  .  II  olgnlticoni) 


ht  n^‘ 


1.0  l^n.i ' 

f'  r;»nlnre. 


-  I.t-.ht 


(It  'I 


l^iQ  to  l_52i9'  ”  Kreen  sand 
tracfis  throudrlioiit  with 
scattered  very  sandy/sllty 
zones  from  I52'  to  159.9'. 


1 3P.  1  to  2^8^'  -  Intersect¬ 
ing  45'  tight  fractures 
Kith  slicks  exposed  part¬ 
ially  at  ends,  softer  and 
crumbly. 


i°'13P.  5'  -  possibly  horizon¬ 
tal  Joint, 

6>140.3'  -  horizontal  .Joint 
with  scale  deposit. 

146.8  to  147,0*  -  open  45' 
fracture  with  slicks. 

Possible  horizontal  .Joints 
ati  145.9',  146.0',  150.5'. 
and  I5I.I'. 

1  5^.0  to  1  52.  5  -  bentonitic 
and  softer,  aoapry,  whitish 

158.9  to  159.4'  -  tight  55' 
fracture  with  slicks, 

161.3  to  161.6'  -  open  30' 
fracture  with  slicks. 


-  Recovery  coni  Inued  1 

(U  R-9  to  162', 

Box  15i  157  to  162' . 
R-10  to  165' , 

-  Box  t$i  162  to  165' . 


DRILLING  LOG 


\  PROJECT 

;iAN  AffTOHTO 

[ITVPIl  TIINNKI, 

■nHEfiM 

!•«  Of  Siwlon) 

^u 

S.  ORILLINC  AGENCV 

USGE 

mtt  ALLATION 

pr 


•Q.  sue  AND  TVM:  Of  SIT 


ISHCCT  ,  , 

OF^  ShCCTS  I 


s  NAMC  Of  omtLLem 


•  -  OmCCTION  OF  HOUe 

I^VCMTICAL  QiMCL.IN«0  _ 


7.  THICKNESS  OF  OVERBUNOCN 


s.  depth  drilled  into  rock 


•  .  TOTAL  depth  OF  HOLE 


12  MANUFACTURER’S  OESICNATIOH  OF  ORIl  ' 

Pall) rtf'  "'.(1^1 


■ra 


U.  ELEVATION  CROUNO  WATER 


2?  Jan  00 


17.  ELEVATION  TOP  OF  HOLE 


Is.  TOTAL  CORE  RECOVERY  FOR  BORINO 


O.n  l.n  O.  }  -  AsphnU.. 

0,1  t.r,  1 , _  Gnncrot.i*, 

ly’  tn  10.? 

^ MAVL*!L  -  arH  0*^11 - 

'•reto  dehrln)  n«>ar  top  of 
nnotl^'n,  coarse  to  fine, 
cobbles  up  to  P'\  mo  let, 
brown  and  white,  v«ry 
cliyov  and  san'y,  calc. 


in.?  to  n.n 

‘>l  AY  -  medbm  plasticity, 
st  Iff,  moist,  1  l.c»-ht  brown 
and  white,  none  ntmn'^  hro  m, 
aarviy/nllly,  Umeyfnolulos  ). 


t  3.n  In  1  '-..0  , 

uHAVKl,  -  coarse  to  f'ne, 
mo)r,l,,  wh)to,  V'ry  <'lav>y. 


t'l.n  to  16*; 

iJHAlJ'.  _  .  - 

1  ‘'.n  to  6s. )1  -  weatlioreil  ^  ^ 
yelloH  brown  and  11»ht  en  v,“  ~ 
very  soft/soft(rook  class-  N-l 
I  float  Ion),  oalc.  ~ 

6S. n  to  1 6s. 0  -  iinwea*her- 
od  dark  f'mv,  sort(r* 
class),  massive,  hvdrocar- 
t'on  odor,  sarKl/slll  lanin- 
at'ons  throusih-'iit,  calc,, 
lime  laminations,  sll^htli 
Tons  1 1  1  reroiis,  m-'lst  snan 
at  I'iS.  S’. 


"Dfll  '  In.y 

0  to  0.3  -  10"  aii'-er, 

0,  1  to  -  10"  roc  kb  It, 
?  t.o  ilO*  -  10"  auwor, 
not  on*  of  P"  oasln-r^ 

?.0  to  00’  -  s  7/P"  ,ira«- 
blt, 

*10  to  l6s'  -  -’i"  core. 


'^OX  •  s 

1 . 

fin.o  to 

?. 

Ihni  100 

3. 

1  nil .  0 

H. 

mo.p 

S. 

1 1'i .  s 

6. 

no. ) 

7. 

123. P 

P. 

12P.7 

Q. 

m.'l 

10. 

1'i6.  s 

11. 

1 51.1* 

12. 

1  S6.3 

1  1. 

161.1 

l'». 

161*.  4 

fitfvoL  C*5S  ^ronl 

/S3Y  ^  Iff) 


I 


APPENDIX  C 


GEOLOGIC  LOGS  -  INSTRUMENTATION.  MAINTENANCE,  AND 
VENTILATION  SHAFTS 


DRILLING  LOG 


;TiiiCKMcssorovEnnunofM  J6.U  ft. 
8  DEPTH  OniLLEO  INTO  noCK  9  4.0  fl. 


•wM  . viu  Aji  1  on  I  ) 

■  l<c‘.s  1  Inn  t  '  ’f  i'  i  * 

lO  Sl/F  AND  TVPF  Of  PIT  iA'Iiiai  j? 

ii.“i>AtuM  F&fT  Ct-CvATiuN  '>hu«m  <  ihm  Msl.i 


12  MANUr  AC  i  UH EM'S  U£S)(;t<a  I  luH  or  umill 

^  (  4  *3  Loll  I _ 


14  10T  Ac  NUMDE  t  COfIF.  HUKFS 
tS  ELEVATION  CROUNO  WATEK 


60  2.  L 


_  _  I  6  26^-(!^8  _ ;_6-27-BH 

w.  FcrvAfioM  TOP  or  iioi.r  G2  1 . 1 

- - - J  in  f«»l  AC  COflF  OFCOVFfTV  rofi  HOHIMG  jVJ 


18.  SIOMAIUMCOF  INSPECtOII 


CLAssiFicAi lOH  or  wAicniAcs 


mod-  Ln 

liifji  pl,asLi<rity  with  fitie 
tf'  ('ofirso  Jimosloiie  and 
rliort  ^?ravpl»  scattpr^^d 
clay  tiio»  Rlass,  inetai 
and  railroad  tie  fragments- 


Clay:  gray  &  tan,  med.  to 
high  plasticity,  tight 
fractures,  moist,  some  fine 
sand  seams  and  rounded 
chert  gravel. 

2i.0’-26.0’ 


Clayey  Gravel:  fine  to 
mostly  coarse,  rounded  Is. 
and  chert,  grave.!  with  tan  and 
yellow  sandy  clay  matrix, 
saturated . 

g6.0*-N8.0‘ 

Weatliercd  Clay  Shale: 


gray  and  yellowish  tan, 
iiicd .  1,0  high  plasticity, 
soft,  mnd.  Jointed  with 
red  Iron  staining,  contains 
occ .  sandy  seams, 

Taylor  Shale  (Kt)  of  the 
Cretaceous  Period. 


I  .  Wat.or  l,ovc.L: 
free  wal.«*r  al  21  I'l,. 
depth  and  oily  rei'idue 
with  (.’reosote  oilor. 

^ ill i ng  rrocccduro  : 
Pored  a  d  i  a  .  shaft, 

30  ft.  deep,  widened  to 
30"  dia.,  inserted  a 
P.h"  tlia.  Rti'?ci  ''Sing  to 
^  J’t.  within  weathered 
shale,  sealed  off  ground 
water  flow,  cont.  2^^"  dL 
shaft  boring  to  a  final 
depth  .r  120  ft. 

Uackfilled  2H"  dia.  slial 
with  clay  to  110.5  ft-, 
deptli,  set  12"  dia. 
casing  centered  within 
shaft  upon  clay  fill, 
backfilled  annular  s/'a^v^ 
wii.h  grout  to  2t"  dia. 
casing,  pulled  2V'  dia. 
casing,  cont.  grout  fiJJ 
t,o  within  1  ft.  of 
surface,  sealed  12" 
casing. 

3.  Geologic  Units: 


yal . -Unconsolida  Led 
alluvial  deposits  of 
the  C|ua ternary  Period. 
Kt-Taylor  OhaJe, 
clayshaie  of  Crf^taceou 
Period . 


rnr  vious  r  on IOM5  are  oo*:oi  r  i  r 


DRILLING  LOG 


CJIVISIUH 

Sou  tliwe.s  tern-COE 


msiALLATiuH  Sail  All  Lou  ID 
Tunnels  Uesident  office 


San  Afitonio  River  'liinnel 


an  Antonio#  mo.  sue  and  type  of  sit  See  Remark  2 
Texas  |?ir6*fua  rOft'CtCvATlON  Showm  (7i)M 
MSL 


12.  MAnuFACTUHEH'S  DEStCNATlOK  OF  ORIUL 


NorLIiwest  G045 _ [IS  ton) _ 

IJ.  TOTAL  fio-  OF  oven.  UjlitUunKO 
aUOOCN  SAMPLES  TAKEN  j  NOTie 

t«.  TOTAL  NUMIIEH  cope  IIOKFS  N/A 

IS.  ELEVATION  GMOUNO  «A  T  Ell  602  «! 


I  unm  *  •  t in  n  f 

i  None 


t.  DineCTIOM  OF  HOLE 

dlV.A.lC  AL  \ _ )l»«CLINeO  _ 


r.  THICKNESS  OF  OVEnBUPOEN 
•  UCPTH  OniLLED  INTO  ROCK 


*.  TOTAL  DEPTH  OF  MOLE 


.  DC6.  FROM  VCHT. 


26.0  ft. 
94.0  ft. 


IT.  ELEVAMON  TOP  OF  tlOCF 


1  coMHi  V  1  r»> 

i 5-27-80 


IS.  Tor  AL  COPE  PECOVEPy  foh  hoihhc  N /a 

is.  SiCPATunE  OF  tNSP£c7oH 


CLASSIFICATION  OF  MATERIALS 

(OttSCfipPMl) 


(Casing  Ceol. 

Unit 


PEMAflKS 

(Prllfintf  M-Kfor  (■•aA,  il'f'lt  > 

arc.,  II  ■(,j«ilHr«iiil 


Ii8. o'-  120.0' 

Clay  Shale:  llp.lit  p.ray 
to  dark  gray,  soft  to 
moderately  soft  for  the 
most  part  with  occasional 
moderately  hard  limy  zones, 
massive  to  Jointed  with 
sllckensldes,  fossils  in 
places,  occasional  pyrlte, 
calcareous  to  very 
calcareous,  bentonite  bed 
from  100.0'  to  102.0’  depth, 
petroleum  odor. 

Taylor  Shale  (Kt)  of 
Cretaceous  Period. 


SA-< 


5fl- X 


I 


URILLING  LOG 

DIVISION 

: ■< lU l.liwcs torn  “ 

1.  PAOiCCT 

'll  Ui_ jiLyt'c. 

i.  UOCAtIon  (Btfooikiai**  oi 

:a.a.  M  (:; 

TuniK'  1 

SlAlloiO 

. .  Mar-.y' 

s  :;t.) 

s.  NAME  or  oniiALCn 

Al  f-lann 

c.  omecTioN  or  mole 

l^.IAtlcAL  □INCLINED  - 

n«e.  r  noM  v  En  t. 

f.  THICKNESS  or  OVERUUnOEH  p' 

.0  ft. 

0.  OEmi  DniLLEO  into  nocK  lOy.O  ft. 

».  TOTAL  oerTM  or  mole  I 

r>Hri  Aiil,<»in<»  '1‘iiiiiu*  1  f.  ui’c. 


'SioSi'/Wl'iy  ^  MSf  1 


SUE  AND  1VI>€  Of  Ui  I 

ii.  I^AIUm  rcn  ELCVATIOH  ii\6r>u 
hVA. 

t.“MAMUr  ACfuScH'S  OESiOMA  ?  ioN  OF  bMILL* 

Northwest  Ton) 

”  t/f  * « 


N/A 


N/A 


14.  rorAC  NUMflEH  CORE  fiOXFS 

15.  CLEVAIIOM  CnOUNU  WA  I  EM 
Ani^CM^ 
-10-88 


Ift.  DATE  MOLE 


N/A_  ^  . 

j  c  ot-tt'i.  r  t  r  <> 

J..-i'j'88. 


IT,  ELEVAffOH  TOP  OF  HOLE 


61(3.8 


IS.  toi  AL  COIIE  nECOVt  ItV  foil 

liriicMAf  iinc’orlMSPec  f  ort 

Itobert  A.  Hums 


Noiu? 


6I>3.» 


DEPTH 

k 


620.8 


2.3. OLi 


CLASSiriCATION  or  MATCntALS 
(U0»cii$tHonJ 


{Casing 


0.0'-0.2' 


Asphull  2.u!~face 


-1.0' 


0. 

Flex  Rase:  Cruahed  Umosl.oiie 
arui  Kravel. 

l.O'-h.O' 


Clay ;  Black  and  brown,  low 
1.0  (/lediura  plasticity,  mod. 
at.lff,  dry,  scattered 
caliche  pockets,  some  fine 
to  coarse  gravel. 

l|.0'-23.0' 


Gravel:  fine  to  coarse 
subangular  limestone  and 
ciiert,  mlost  l.o  saturated  at 
LT  ft.,  clayey  with  limy 
pockets . 


23.0'-/i6.O' 


Weathered  Clay  Shale: 
hlglily  wealliered  buff  and 
F.ra.y,  high  plasticity,  soft, 
moist, with  rod  stained  sandy 
clay  rilled  fractures. 

Taylor  Shale  (Kt)  of 
Cretaceous  Period. 


Ceul . 
Unit 


Recent 


Qal 


(OiUhm  lime, 
I114, 


^  •  ^^t-Qutid  Water:  free 
water  cnaouiiterad 
below  17  foot  depth. 

n  I  i  nf^  Method 
Bored  OV^  d/a.  shaft 
25  ft.  deep,  set  78"  dia 
steel  casing  2  ft.  into 
weathered  clay  shale. 

Bored  a  36"  dia.  pilot 
shaft  to  just  penetrate 
proposed  tunnel  crown  at 
131  ft.  below  surface. 
Widened  pilot  shaft  with 
'18"  dia.  full  flight 
auger  to  131  ft.  depth 
Widened  pilot  shaft  agal 
with  TP"  dia.  auger 
to  13 L  ft.  depth.  I’laced 
3  ft.  of  clay  fill  Into 
siiaft ,  and  then  placed 
A8’'  dia.  casing  from 
surface  to  siiaft  bottom.  I 
Backfilled  48"  dia.  casiiif^ 
annular  «f>ace  with  ' 

concrete  and  pulled  78" 
dia.  casing.  Temporary 
steel  lid  placed  over 
shafiT  oiiening. 


■a 

i 


4 


Kt 


■SA  -  2. 


t 


9. 


• i 


.t.iM  fi  -  t!uK 


i  I.OcAtiuM  I i*oof or  jlodcHij 

:’'M.  M  *K-.  -(1  Mat-y 

1.  DPULLiNC  AGENCY 

.  AJl  ^  .i’  nUmlaCioui;. _ 

4  HOI  r.  NO  (A»  u.i  tUtm 

mimi  ttlu 


DRILLING  LOG 


•,  t.urn  -  t'OPI 


. "iLl , it-on  i o.  R i_v e r.  Tuntiol  _ 

2.  LOCATION  (CoM<iifi«(«a  ot 
J~'3HirClrtff  AGENCY 

.^A*iUJkiuK.£i;UUUi»LiU-’!iy . _ 

^  w  ““  *'*'•]  Mjunt.ennii.'e 

- ! _ - 1  uuaft.. - 

1.  NAME  OF  DRILLER 

.-L''JiU_M._JUins  Lcben _ _ _ 

«  OIRECTioN  OF  MOLC 

IXlveriTicAi.  l_)iNc»..MrD  -  ose  r« 

7.  1  HICKNESS  OF  OVEMBUnOCN  I  Tk  0  ft. 

A  OE/'rH  OfllLLFO  INTO  ROCK  i  .  /•,  . 


.MS.ALl.a„O.I  AnU.„i(, 

'I'lnitiLiJ  t ■  !■*!  ,1  j.t.*.' - — - - 1 

10.  sue  amo  tv»’C  of  on  Heiiiar'ks 

lirBATuR  F  BR  ELCV2^TI6»J  {iiowii  i  i  »'W  «  m^/.T 

MiJI.  _  _  _ 

11. ^MAMUF actumeh's  oEsioHAHtiH  OF  nniLt 

Northwest  (Ji‘>  'I’on) 


14.  TOTAL  NUMOER  CORE  OOXFS 

15.  ELEVATION  CROUNP  WATFR 


I  N();ie  _ iNiJ/M? 

xFS  None 

fn  No  Free  Wa(.er 


,4  OATEHOUE _ j  n  J'j”  BJL.. 

tf.  ELEVATinN  TOP  OF  MOLF.  '  CM  aV 
le.  lof  AL  conF.  nEcovFiiy  i  un  hohihc 
IS.  sicMATuHC  OF  HtSPEC  I  OH 


I  co»-*«M  I  1  r  *> 

i  30  Nov  R.B 


TOTAL  DEPTH  OF  MOLE 


lELEVATlON  DEPTH  LEGEND 


CLASSIFICATION  OF  MATEniALS 
fO*«crlf>l  ton) 


Hoy  Crutehfielil 

Oasiiig  <*Gol . 
Hnic 


o.n»-j.o'  I 

ajiplwill,  ('oiicreLe,  urul  road 
base  (.Fravei  and  aund. 

1 

<2 ravelly  Clay : 
i;ray-brown  to  buff  with 
white  caliche,  low  to  med. 
plastici ty,  sandy. 

3.0*-15.Q* 

Clayey  Gravel: 

buff  to  tan,  larf'ely  l'*  to  2" 

'  gravel  si7.es,  subrounded  to 
rounded,  occasional  cobbles 
over  3“  dia.,  becomes 
increasingly  sandy  with  depth 

15.0'-3Y.O* 

Weathered  Clay  Shale: 
tan  with  gray  bands  and 
mottling,  soft,  blocky  with 
fractures  and  some  Jointing. 

3T.0*-]3^.0' 

Clay  Shale:  gray  to  dark 
gray,  soft  to  ino^lerately 
soft,  with  occasional  moder¬ 
ately  hard  limy  zones,  cal¬ 
careous  to  very  calcareous 
or  limy,  occasional  fossils 
throughout  with  numerous 
large  pelecypo<l  fossils 
between  depths  of  9d.O'  and 
103.0',  petroleum  odor, 
cuti.lngs  through  the  limy 
zones  tended  to  be  more  tab¬ 
ular  and  brl  ttle. 


1 1nt^,  Mrt 


1.  Wal.or  I.0V0I;  No  fri-c  1 
wiitj?!*  war.  encoiiril  tM'c’il  li 
<.i( i  1’ iiig  il r j  1 1  i ng,  ol'  s< » i il  i i'  ' 
pier*s  or  In  shaft..  A 

few  wet  spots  developed 
later  in  paps  between 
piers,  but  no  water 
flows  or  lirips. 

2.  Hxcavation  ih*o«'.-ediire ; 
Initially  a  ring  of 
drilled  concrete  soldier 
piers  were  constructed 
to  Just  within  the  top 

of  unweathered  shale  at  a 
depth  of  about  ^0'  .  '['he 
piers  were  .36”  dia.  and 
formed  an  Inside  shaft 
illamoter  of  Tlu; 

interior  of  the  ring  was 
excavated  by  a  backhoe 
and  crane  with  skip  box. 
This  method  of  excavation 
continued  below  the 
bottoms  to  the  ^3'  depth. 
The  remainder  of  the 
shaft  was  drilled  and 
reamoil  to  a  dia.  of 
and  to  li  total  <lept)i  of 
13^.0'.  Support,  lielow 
t.he  piers  consisted  of 
6”  of  shotcrete. 

.Soldier  piers  were 
constructed  by  (’ato 
Klectric  and  tirllllnp.  1 


hO^.o  3Y.ft 


DRILLIHC  LOG 


1-11  l.llWt*;?  t'TIl  “ 


I  -'.''i'j  iU.vt'r.  _ 

{L  LocAtION  (C'Q<M<ibial«a  or 

;”in.  +  (Wai-i*c 

I-'^fllLL^fl^ACtNC  Y 

. ..  A . )  L  ..liei'Jc  1  '.'LUlJ  nj,  i  i?'J  _ _ _ 

4,  >U>|  F  HO.  (Aa  al»o>»ii  ««•  HHal  ti.,  i  , 


%  NAME  or  OHILLCH 

1  obf-u  _ 

«.  OiftCCliON  UF  HOLE 

{^)vinticAL  (  ]tMC<-<NtO  _ _ 

t.  1  HICKMCSS  OF  OVEMOUnOEH  1^.0  t' t,  . 

A.  OF  P  Til  OHILCEO  IM  t  O  HOCK  ,1  r* 


'I'ljiiii.-l.-.  iiri  i'C _  I"" 

lo.  site  AMO  TYPE  or  t)<  T  :;«»»-•  KetlUir'kli 

lirCAfijU  F&R  fLCVXTIOH  iiiuf-il  HhW  «  Itit.)  . . 

m\. 

iF  MAriof  AcTuntiTs  ocsioMAtioii  of  oniuL'’ 

Norl-hwost.  *)U^4S  'I'on ) _ 

»i.  lofAc  MO.  or  ovr#i-  j  t-wi  tl»/i  neo  juij/.i'* 

nuriOEN  samples  takchI  ,,  ; 

_ !  r^uiiL*  _ ;None 

*4.  TOTAL  NUMOIM  COftE  OUXFS  NuHC 

»5.  ELEVATION  CMOUHO  WAT  FM  No  KPeC  WatOT 


S.  tOTAL  OCPTH  or  MOLE 


ELEVATION  DEPTH  LEGCHOl 


i2U.O  ft. 
\i'>.0  It. 


CLASSIFICATION  OF  MAtEOIALS 
(Oaacr<|il<«ft> 


Hofor  1.0  (Ic&rriptJon  on 
.Skioet  1  . 


•  (ARiFO  jcoMi'i.  rtr<) 

'*  _ 13  .juii  (la _ ;  30  Nov  aa 

1/.  ELEVATION  TOP  OF  HOLE 

•  TOTAL  COME  neCOVCHY  roll  NOIIING  Noflt? 
is.  SIcilATUMC  OF  INSPEC  I  MM 

Uc*y  ('iniLi^hl'lo  1<1 

.  »  1  1  IIEMAtiK  <; 


Ooo  lof^t  >•  Uni  Is  : 

Qa l“Uru*()iisol  i dfi t.(Hl  | 

a  I  1  uv  III  I  i  l.t;  nf' 

yuat.ernary  Peri  oil. 

Kt-Taylor  ohale, 

c.la.v  sha.le  ot*  (‘retaceous 

F^eriod . 


Co 


M',0.0  C()-^^ 


CC.O*  -71  .0*  :  ino<l.  hard 
limy  layer. 


SA  3 


UiViSiUN 


URILtIHG  LOG 


».  f’MOJtCT 

<•  UOCAtioH  (C'sovtfkial**  Or  ^(oilorj 

ot.u.  +  (Wjil.er 

1.  BfliLLlii7ACEHCY  '  ^ 

.  Utif-X.  J’.'ul.tU‘i?A*-l  onr.  _ 

""•I  M/ihiteiiun.'e 

1,  NAME  of"  OMiLLt"  wiiUl-l 

. _ L’i^u  JlI ?_  ! <(« (.J •' ?  1  _ 

I.  uiitrctioii  OF  hoLf  ^  "  ~ 

l^)  VAATtC  Ac  [“11 IHC  U  >M  g  D  .  OKO.  P 

t.  1  MlCKtlCSS  OF  OVEMniJMOCO  1 .  0  ft. 


M  OEPTM  UtULLCO  IN  t  O  MuCK 
♦  .  TOTAE  OEPIM  or  HOLE 


OEPrH  LECEHO 
b  c 


n. 

n'),o  ft. 


IH»IALLA„a«  !^„U,U\0 

|or  h  '."r 

lo.  $i/€  A#io  rvPE  or  «<  r  .‘ifAjA  ([fAfim 

rkji 

'n.  UA1UM  F6n  CLCVATIOM  SilUAii  « 

m;;i. 

12.  MAI4UF  AC  T  UIIEir  S  UES<OMA||uil  OF  UM 

ill’ 

11.  miAL  i*t».  or  ovrn-  |Di»Tui»rAo 

1  UMC>*-«  »«-«. 

Uunc 

JIulIC" 

14  lOfAL  riOMIlEII  COIIF.  IIUKTs  NullO 

,  tl  ELCVA  nOM  OltOUMO  A  A  T  Ell  t'l' 

L'C  V^uUor 

■  t  AM  t  r  u 

|c<>»4t*i  I'tro 

|...  ..Ai.Mour  13  J|„,  flf) 

I  3U  Ilov  UO 

1  ».  ELE  V  A  1  lUH  TOI»  OF  *IOL  E  6**6 . 0 

44.  1  u  1  Ai.  cotie  ri  EC(»vr  II  r  run  tiotitnu 

NoflL* 

It.  siciiAf  uttc  or  INSPEC  1  on 

Hoy  Criitchn  o  hi 

CLAssiFicATioii  or  MAI  eiiiALs  ;asliii'  tieol. 

(tJoocriplIolU  •  ^ 

^  Unit 


J3K*>'-13*;.0’:  mo^i.  iiar^i, 
1 i my ,  occ .  foss I  Is . 


Sfiaft  liottom 


SA  -i 


URILLIHG  LOG 


UIVISION 

.Swu  1  hv;i.-:i  1 

f'T  I)  ■' 

.  *1  fV. 

I.  OniLLING  AGENCY 

A.  II.  Llc-c-k  Fouiidal-ions 


..Eli. 

'I-Ulil..-  1::.  Hi-.i  ]  .U  II  I  01  I  1  I-I-  j„, 

10  5l*£  AMO  yvl'F  OF  0>  I  :\  t'  K  J 

it.  liAfOU  ELC^ATKiM  «hu**m  ms/  ) 

17  MANUF  ACT  uMFti'S  i)csir. Ii  A  t  lort  or  oiiiLL  ~ 

Noi' 1.  !iwt 'S  t  (‘I'J  lun) 

-  -  - _ »>.  KIIAL  MO,  Of  Ovr/l  jt.MU.MMFO  ] 

RiinOeM  SAMMLtS  1AKEM  I 

•  n  t  i  1  a  t  i  on  .s  1  la  f  1 _ _  .  .  i  -  -  —  .  : 


9.  NAME  or  OniLLEn 

Al  Manri 

«.  omecTioN  OF  mole 

(?9''*MTiCAL  ("IimcLIMFQ 

nae.  rnoM  vCMt. 

».  timckness  or  ovfMDuntjrH 

I  1.0  ft. 

B  OCPTM  OrilLLEO  INTO  HOCK 

117.0  ft. 

9.  TOTAL  OePTH  OF  MOLf 

"ITl  .  O'Tt: 

14  1  Of  At.  NilMMEIt  (.out  lUiKfS  A' /A 

I*  f.  t  c  VA  I  iL)M  ciii*firjo  w  A  I  r  11  fji,  WciLf!" 

j  «  1  All  r  F  (>  f  c  '  r  f  r  < 

..  ■.ATENocE _ [o_6_HU _ :  6-y-yi* 

IF  Ct.EVAflON  TOM  OF  MUI.F  6  5^.6  1  - 

IB.  tot  At.  coHE  fiecovfnv  i  t>»i  fujinuu  h'/A 
14.  SIOMA  t  UME  OF  IMSP&C  F  Oil 

HobcrL  A.  Bijrns 


ELEVA.ION  OEPTH  LEGEND  I'^asijlB  Cool  . 


»te.,  1/  • 


yli.  :  It.  P.ray, 

massive,  well  imlurateil,  moil. 
hard,  highly  calcareous, 
fossil  fraxments  along  upper 
oontact,  having  many  fossils 
nml  pyrite  crystals  with 
deptti. 


ilTiil  ALLA IVuti 


in  S|  /  f  Af|l»  I  YI'l  <if  i 
II  l>A  t  IIM  I  OI«  I  Li'  V  A  I  lull  '.HO  If  1 1  I  i  IIM 
J.‘.‘ ;  I  ^ 

w  MAiiiirAt  I'liiif  rrs  tiLSitiiiATioH  or  i 

_  ‘.'.  li'.  (  'I'. 

tj-  IHIAL  NO  OF  OVf-ll-  juiSHiillo 

nUflOLII  SA*1f>L.LS  TAKEN  <  .< 

M  TOTAi.  COMf  HU^rS  il  Hl< 

LLF  VA  MOI4  OHOKNO  WA  I  C  (t  «  • 


•  6  l)Af  F  MOLL 


IXVISli.'M 


URILLIKC  LOG 


1urv<S(ON 

.Sou  t  hwt'S  \  i'  rr\  ('UK 


“ImsiALUATToM  AiriofUt/ 

'I’unnols  Residoul 


I.  pRojccr 

San  Antonio  River 


'liinne  L 


2.  LOCATtON  or 

SLa.  15*.’  +  2B.50  (Camden  St,) 


S.  NAME  OF  OrULLER 

Al  Mann 

OinECTION  OF  MOLE 

^jVEnTlCAL  t''I***CLUjF.D  _ 

OCe.  F  HUM  V  Lit  T  . 

T.  Thickness  OF  ovehhumoen 

17. U  It. 

fli  hEPTM  DMILLFn  uuo  nocK 

lO'l.O  ii. 

*.  TOTAU  OEPTM  OF  MOLE 

T2r.'tT  rr. 

IQ.  site  AMO  TYPE  OF  till  .  .Hi  Mimi  K-^-' 

t  t.'hAf  uit  F6ft'CLCvAT16N  Imonm  (  t  mm  o,  ms/.) 

MSU 

ti.  MANtir ACTUREtl'S  ucsignation 

Nortliwost  8048  (48 

OF  DRILL 

Lon ) 

IJ.  TDIALHO  OF  oven- 

HOHUEN  sAMi^t-FS  t  akcm  i  Nono  Nooe 

U  TOlAk  NUMIIEM  CORE  DOXFS 

None 

is.  ELEVATION  GROt/ND  W  A  f  E/I 

616.8 

1  S  T  A«l  t  »  U 

l  coMiM  •  1  ro 

1C  DATE  mole  1  ..... 

_ 1  J.f  .MuytlU 

i  .i.'J  Mu.y  i!U 

IT.  ELEVAflON  TOP  OF  MOLE 

IB  H>l  AL  COME  Mf  COVi  MV  I  OH  HOHIHC  N/A 

i4.  SMlIlAKIMr  OF  UlSIM  CIOM 

Hov  Cru tclif ieJ d 

CLEVAIION  DEPTH  LEGEND 
«  t  _ c 

Ci'n.ii  (1.0’j 


CLASSIFICAtlOM  OF  MATEIUAL.S 


'asilig  (icoL. 
ilii  i  ( 


O.U’_-)|_dC_ 

cl, -17  >1  11:  LWdit  hvovn  to 
buff,  moij  iijfji  p  las  1 1  ci  ty » 
stirr,  sandy  to  gravelly 
with  brick  and  bits  of 
trash  it.emG. 

^ . 0 ' -6 . 0  * 

Gravelly  Clay:  tan  to  buff, 
fine  to  coarse  gravel  with 
up  to  l“lnch  dla.  limestone 
concretions,  subrounded,  clay 
inatrix  of  medium  pLasLiclty. 

6.0’-iY.0* 

Clay :  dark  brown,  medium 
to  high  pJasticity,  stiff, 
occasional  black  organic 
inalerial ,  cotitains  a  sandy 
gravel,  pocket  in  tlie  SE  1/3 
of  iiole  below  10  ft.  depth, 
wet  below  J6.2  ft,  depth. 

17.0'-37.7' 


Weathered  Clay  Shale 


tan  and  gray,  soft,  damp  I 

at  iipper  contact,  medium  I 

to  high  plasticity. 

Taylor  Gliale  (Kt)  of  the 
Cretaceous  Period. 

37.7'-12g.O’ 

Olay  Shale ;  Unweathered, 
light  gray,  moderately  hard, 
massive  with  negligible 
<difitig,c  In  fonruitlon  charairter*! 
ilsU-cs  throughout  boring, 
calcareous,  brittle,  some¬ 
what  tabular  muck  cuttings, 
lyrlte  crystals  in  places. 
Tuylor  Gha.le  (Kt)  of  the 
Ore (.acooiis  I’er  I od . 


•(r..  H  •(«]>>IDr  «ii(> 


\  .  Watei'  licvol* 

Ikhim!  fritc  water  [.ricklod 
into  lioJe  at  10.2  i’t. 

2.  OrlllLrtg  Procedure; 
Klrst  drilled  a  PI'  deep 
pilot  iiole  wit.h  a  2^)"  dii 
augei*.  Tlien  reamed 
pilot  hole  with  78"  dia. 
auger  to  20’  depth. 

Set  78"  dia.  temporary 
casing  3’  into  weathered 
shale  to  seal  off  ground 
water,  Hrilled  to  10(1* 
depth  witti  Itfl"  dla. 
auger.  Hole  was  ‘5”  out 
of  line,  so  straightened 
by  boring,  wjth  36"  dia. 
auger  to  J22,0'  deptii, 
and  then  reamed  entire 
depth  successively  with 
)i8",  60",  and  72"  dia. 
aupers.  Backfilled 
bottom  3.6'  of  nole  with 
clay  fill.  Inserted 
ISIt’ll"  of  ItO"  dia. 
steel  permanent  casing, 
backfilled  annular 
spare  wil.h  cojicrete, 
pulled  temporary  casing, 
and  Installed  6'  dia. 
corrugated  steel  pipe 
ns  surface  standpipe. 

3.  CeoloRlc  Units 


1613.(1  1,0.0' 


rur.  ffu?,,  , "  , . 


UtVI&tON 

DRILUING  LOG  .Sf>u  L  hwos  Uc?  i  n 


-.  PMoji:c  r 

irtoCATlON  r>f 

.Sia.  (r.aiuden  St.) 

RiLUN  C  C  H  C  V 

A.  II.  liock  f’ournUit  i  ons 

4.  HOI  fT  NO  1 .4 »  afiotvii  <mi  tlt%mh>4  ^.'f 


*.  NAME  or  oniLLEn 

A1  Mann 


C.  U>NECT)ON  or  »IOL€ 

^  I  vcnv  1C  Ai.  [^|tNCi.i»ieo  . 


DSC.  rnoM  venr. 


?.  THICKNESS  or  UVCnoUMOEN  17.0  ft. 

A.  OEPTHOniLLEDINTONOCK  105.0  ft. 

TOTAL  OEHT  M  OF  MOLE  1  2  .  U  ft  . 


ELEVATtON  DEPTH  LEGEND 
4  be 


mStALLAIlOH  y^,,,  A|,|_uM10  I' 

I'liniiels  UujiitKtiit  nl  f  oi  Mirris 

n>  sirr  AMiT  ivi‘|-  or  ri  i  ‘;<m* 

ii.  (lAliiM  » 6ri  CLCVATiOrl  {ttunii 

UiNH.U  1a  L  -  - 

{ tHM  im 

MSI. 

12.  MANUFACTUNCR'S  UESIONAtlOH  or  OMILL 

Mortliwest.  “jo  4  0  (40 

l.on  1 

11.  r  Of  Ac  HO.  or  ovra-  i  *■’’*  '  ‘HiHi.  O  ]  Lhi»>K  .  nn  l»ro 

fTilMOeN  SAM«*LF.S  TAKCNj  I'iOllO 

l«.  TOTAL  NUMULII  COIti:  iiUHlS 

Nt)tuj 

IS.  ELEVATION  CHOUNP  WAl  EH 

6  i6.  a 

1  •  r  Ah  t  tiu 

It.  DATE  HOLE  i 

_  l._l/  May 

)  COM"  1 1:  1  r  t) 

fill  i  19  May  HB 

IT.  ELEVATION  Top  of  mole 

b‘3  3.0 

tn  for  AL  COME  MECOVERV  rOH  HONING  N/A 

IS.  SfGMATunc  OF  iNseccron 

Hoy  Crutchfield 

CUASSiFiCATtON  or  MATERIALS 


Gee  Sheet  1  for  general 
Olay  Shale  description. 
(KO 


MF  MAMKS 

(lf4lHnig  ilnt^,  l«K..  il 

»lc..  H  «lt|MJN 


DRILLING  LOG 


DIVISION 

•Sout. hwt'.s  l-t.Tn  -L’uK 


.  nnojtcT 

."ion  Antor^io  iilvi-r  'l\inm?l 

DOCAjivN  (foui<ibi«i««  or  Simtion) 

Sltj.  1?’>2»J8.SU  (tViiiiflt'n  SL.) 
r”6nirriNfi*AcFHcv 
A.  II.  H».u‘k  I  i  ons 

4  MOI  f  MO  iA»  •/■oMM  wti  Jill*  J~VO  1 1  fl  i  lilT.  I  Oil 

•(hf  III*  ittmihmt)  t 

_  _ I  ShaCt _ 

i.  NAME  or  uniLLcn 
AL  McUin 
♦  ’ ointc FioM'or'Moi.r 

p^]vcnTicAi.  QJiMCLifiCo  oec.  TMOM  venT. 


T.  T  MICKNESS  or  OVE  nOUMUEM  17,  (J  f  L  . 
A  OEPTMOMILLEOINlOriOCK  iOS.O  tt. 


♦  .  7  OT  AL  OEPT  H  or  MOL  E  «  ^  .  U  J.  L  . 


ELEVAIION  OEPIH  LEGEND  ^ oV.^M^Lr  ’  ^ -asin(.  iJilO  I  . 

**'],  *"  I'll  i  t 


Mori  liwi-:;  I  '>0r>  ( '1 'i 

H.  lOIAl.  HO  tif  ovril-  jlH*llJt«H|-0 

lUlllOEM  SAMPl  <  S  IAHCN]  rJ()|U‘ 

!  Not  It  * 

14  lUIAl.  NUMtlEM  COPE  lutKE  S 

None 

1%.  Ft  EVA  1  ION  UNOUNO  WA  T  E  II 

6  u>. 

M 

1  SI  AH  <  » 

*6.  DATE  MOLE  1 

\  1  {  May 

an 

1  C  t»ni'  l.  1  1  i  1  > 

i  I'J  l-Iayaa 

I  /  I'LE  V  A|  lOH  I  OP  or  HOLE 

60  3. 

0 

IS.  tot  AL  COME  MECOVEtir  1  OM 

HUMIMO 

N  /A 

•  9.  SIGHATune  OF  IMSPECTOn 

Hoy  Crutc*liri<?:l<l 

‘^'n.o  hoah 


.OLLINC  LOG 


■Sou  t  liwes  Lerii  -ccn'.' 


mSIALLAT.OM  Allluiliu 

iUiinels  Kosiiieiit  oifice 


io_s.ze  AMD  TYi-t  Of  Bit  Kfiiiark  2 

li.  OaT'um  fCR  CLEvAYIOn  tiiowti  (inM  ust.} 

MSL 

Tt.  MAMUFACtUftEH-S  UESiCH A  T  ION 'OF  UniuL 

_ Northwest  504  5  (45  ton ) 


DRILLING  LOG 


.Sou  thwe£'>Lern-(.:uK 


'l\innels  KesidehL  O!  C  i  (’o  _ [oi 

10.  TtPR  or  ni  <  j^tMiiaf^k  Z 

lirOAIuU  F&fi  CLCVAflOM  (iiuMtl  Hi'AI  «  nil.)' 
MSL 

ti  mahuf AcfufiCM'S  OFsi(;fi A iioii  of  uiiii.l.' 

Northv/ost  S045  (4*3  t.on) 

IJ.  T  Ol  At  no.  or  OVF.ft-  jo«»tO«tl»ro  I’u 

—  fioMDCM  sAMf*c£s  takcm  1  Noiie 


1  NAMF  or  oniLLFn  ’  1 

Al  Maiiti  ■  ; 

a.  oinccTioM  or  mole 

^jvCnfiCAi.  L”l***Ci-inRO. 

____  oae.  FMOM  VEHT. 

;.  THICKNESS  or  ovEnouno^N 

26.  U 

ft . 

A  OEPIH  OniLLtO  INTO  HOCK 

96 . 0 

ft. 

r.  TOTAL  DCT^TM  or  hole 

122.0 

f  t . 

«.  DATE  MOce 


CLASSIPIC  ATIOM  OT  MAI  CrilALS 


Very 

calcareous,  mod.  soft 
Lo  mod.  hanl,  massive, 
occasion.! J  fossils  and 
pyrite  crystals  with  a 
stroruj  petroleum  odor 


See  remarks 
shoe  I  1  . 


54  .  O'- 1  20 . 0 '  :  l,t.  <jray,, 
very  calcareous,  mod. 
.soft  to  mod.  hard, 
occasional  fossils  and 
pyrite  crystal.?  with 
a  .stroncj  petroleum. 


OIV»SU»H 

URILLIHC  LOG  .Soul  iiwesf  oi  n  '’'M' 

PrnojccT  A[i  t  o^r i  o, 

Sun  AnU.’iiio  Ki_v<*i'  'I'unin.- 1  loxus _ 

i  COCAiIOH  ( ot  Slmltow\) 

Slul  ion  I  /I  (nouf  hilot,  .''>huri.) 

J  OnJLMNO  AceHCY  ' 

-A.*.  U  t  _  f  I  i ‘j.. _ _ 

4  M<ii  r  MO  f  A •  afMMii  tfii  dimming  lui* i TTy H  f  u u  T  1  o  r. n u  I  i  i 

•  Him  i>«aii6af)  j 

_ _ _ _ _ _ liiK .‘H  Lu  L  ion  Uiuf 


to  ^»/r  AMO  TYPf  or  Mil  '•«  <•  1<*  •mu  I  )■.  ^ 

i  i  ()A  I  tji4  I  &fi  CLf  VA  f  l^iil  flit  inti  i *«</  t 

MSI, 


5  MAMc  or  nniLi.Fn 

A  I  Munn 

i  oinrcTioM  or  holf 

K)vrn»icAL  I  }iMCt.iiiRn. 


T  tMttKiirs^or  ovriiiHiiuifM 

DFi'iM  tiriin.m  iM»o  micK 


1  O  I  Al.  OF  PT  H  tir  MOl  e 


etrvAIIOM  OF.PIM  LFCCND 


2  6  .  U  I 

'J  6 . 0  f  t  . 

l~irro“rT7 


LAiiuN  /-.It  I  1  < )  >  I 

els  l<trs  i  I  Ii  Ul  I  '  >1  (  1  ,  ■(  .  i)( 


13  MAMUF  AClUnKH'S  urnOiMAtltlM  or  IMilLl 

Nortliwesl  0U4S  (-I'u  ic>n) 


4.  tut  At.  MUMlIF.n  CUMF.  lUtKf  ^ 
4  F  I.  F  V  A  I  ION  CnuUNO  «  A  t  F  n 


9  May  HH 

GOn-o 


■  !u  Mt-iy 


f  rtrvAiioN  io»»orHoir  G*jU  0 
N  tot  At.  COME  riECOVFM*  f  014  ilOllOKi 
9.  StCMAt  IMtC  OF  INfPEF  f  OM 


cuASSiFiCAiinM  or  MAiEriiAi.s 

(OaaciliWioiO 


I  :as  I  iig  (uM)  1  . 

tin  It 


1  22  ,<):  i.j'jfiL  gray. 

ca  1  <.:ar  tjouH  .  mod.  hard  Lu  -m 


Ml  MAlot'. 

(Ifiltling  il4,$m,  uml-i  I.  --,  .1  , 
•*mmlli^$l»'g,  mir  ,  H  algnllh 

_ _ 9 

fu^ij  rtjmackn  on 

iihooL  1  . 


-  S' 


drilling  log 


OivtSION 


,HSTALl.AUON 


r  / 

or  '/  ^nrF.M 


f)t's]nf\\n  ^,s/ry 


^OC  A 1 1ON  i  OovittUnil**  ot 

f  »■  23  t  (>7.."}  (arc. 


kennJye  /l'$h  'j^An®/) 


to.  SUE  AMO  TYPE  OE  HIT  J5 c €  /^t?/narks 
ii.'oAf uB'f5irtCCvATI6H  «ii«Ai’ur 

M  5  J- 


DRIULINC  AGENCY 

^  fri>n'lr,1  K^n  s _ 

MOLE  MO  (A»  alKitvii  »»♦»  ilrawlft^  ml*!  ‘yVl^/O /V/ /7ZI 

•.«<  Ill*  m.HAW  _  W  I  \  _  _  ^  (M 

N  AMroF^niLXIn' 


tinr\  fA.  Eaxy^lehe.n 


12  MAHUFACTunEn'S  OESICMATiOM  OF  UHILL 

Norihvlesf  30^- S  (■^STon) 

i  /Vone 


l>-  TOIAl.  MO.  OF  OVF.n-  lOUtHMH#  o 

aurtUEN  SAMPL.es  TAKEN  I  q  r\  t* 


omectioM  OF  mole 

^JvCRTICAL  f^'JlWCLIMEO  . 


»A.  TOTAL  HOMHEll  CORF.  HOKFS  J\(OflG- 
14  ELCVATIOM  CROOMO  WATCH 

-—  -  ^  COK.f’L 


OK6-  Thom  vcmt. 


IS.  DATE  MOLE 


I  9T  An  T  I'.O 

1  22  /ri/\P  90  \J0  APR  90 


THICKNESS  OF  OVCMOLIMDEH  Ji  7 ,  Q  ' 


DEPTH  OniLLEO  INTO  MOCK 
TOTAL  DEPTH  OF  MOLE 


//0.5' 


/3  7.  5 


IF.  Ft.evATroN  Top  or  mole  i,37\.0 

\9  TOT  AL  CORE  FlCCOVCnv  FOR  nOHIMG  AJ  Q  ^  ^ 

~JZl 


14.  SIOHATUnE  or  INSPEC  I  OM, 
( 


ecrvATiOMi 


634.  O 


0-0  - 


C,H.O 


/y.f^ 


tur,  r  nun  '  .  . 


CLAS^lFtLATION  Of  UAlERlALS 
(0*acf 


6t»f»/’0F  t 


GeoL, 

Unit 


0.0'  -  /,J5^ 

Gravel  •  broujn  /o 
n\asily  sub  — 

•  ■i/iquJar  Qrmns,  conidus^ 
•^nnrJy  f /ny  tr  utr'^cr  0.5^ 
hr  r  00^4.  u  sytnr/y  i  r\  /ou’f’f 

/.o',  fill  n^Mphal. 

/.  'J  -  / 9.  o' 

or'ixvelly  Clay  •  hr^M 
hrown  jo  I  a  i\  ^  yneJivru, 
ho  hi^h  f  I  ois  1  i  c  !  i  y  eJayl 
Coh 'o ooi\ al cal  1^  S(jh- 
noc^ular  'grovel  Ufa  lo 
3- inch  d '  ao'^eher ,  damp 

n.o'-z7.o' 

CJcxy  :  Taa  i:<ncl  jray 
/riaflls  d  ,  h'^h  phstiCily, 
'.ilif'l'i  rycra  Sionol 
•ciUbrour\(le(i  t^raie) 
of  Vs  I')  l'/x~  >  nch 

diaroc-her  ^  ypcss/hly 
re t,yorhi°(l  iJc-a^hereJ 
i' /ay  s halc-  ■ 

27.0'-  (h2-b ' 

VJyrAheiie^ci  C\(xy  Shade 

/an  and  rj'oy  mo^hled  , 
“iof -I  ,  f r  acl u  rc’d  lallh 
r>ivrr  roO  s/a'ain^  , 

' ,  C  C  h  il  o  *  l'7cc//. 


v_ 


V. 

^1 


\>  < 
»  I 


Q.il 


RFUAMH  S 

rF*»(lf<»i4  llni*,  ii'MI**  ilrf  il,  ft! 

•tc.,  II  aignlllr  *t.it 


/.  M.iier  Level  :  aJo 

liee  n/oicr  ryncouni ered 


2.. 


.cava! /on  melhpd- 


•  y  <}  r  I  n 

ciril)e{:l  ^cr  orMTi-^/c^ 
^o/Jter  zi 

rJ  Ao 


VI 

lA/  c  ' 0  0  h  iJ u\  . 

Vv 

/n^ or  ^00  A./ p/Pr.s' 

u)hic  h  forropci  on 

/n’^xfe  sbaf f-  i/fcj 

oTzi'^".  f 

\ 

<0 

1  p/U^  b£>/p  u^as  t'Ao/i 

Vi 

dfiHpd  7  0 

! 

of  i Ae  ^haf f  ond 

K 

\j 

-yffducdly 

\ 

/yy  /Af'  /)(’-7>n  f)(i  1  fkAn  )  ^ 

V.I 

Qa! 

/Jioif\pip\  r- / 

55 

hp/(7to  /Ao/^'P^'S  '^Ar 

3hof‘i  h^h^ouj  ^ hr 

piT^f  s  uy4T  "iu/y'or  foj 

lY) 

!J/7  A  <f  ''  of  shoA  rrefe 

fSn 


h(X^  inq  c*  loirc  A>rtr/» 

Aoyfif  of 

/)fArr  oijos 

,'// ////- cf  /q  / Ap  4‘i  I 

.^ppih  /S7.^' 

(d/Ptz  hptrAc f,7/rcf 
^Of)ci  i/^j  7o  cfboi/^ 

r^// '  of 

}  /’/  borAJ\fip-' 

f^/pydl './fT.'. 
Of  ^  Ap  //  *S  •  ^  ,/r  r  7  /\ 
o»>-r  ^  'JO 

■  '.1 .  iib  f  ^'r'lfofj''  / 
;.v  ^ 


jn' 


.  .  C' 


DRILLING  LOG 


'//(.  ■/’r/r/ /I  ,:'0^ 


Of  «iHr  r  ts 


1  DRILLING  AGENCY 

/)■  y/  A  /  ru  >n  f'i  rt  / 

HOl.C  MO.  fA,  o«t  tlrcwlMf  J ^  ^  /> t > 

•>w  \  rreratjirrtj 

_  \/ice:exs  s  hnj/ 

1.  NAME  OF  DniLLER  ,  , 

Dnn  M-  /t’-iii-t /(“/<“ a; 

f.  omccTiofToF'iToLC 

^^vcnficAi.  (  ']iNCL.>MEO  _ _  oce.  rnoM  vc 

?.  I  riICKNESS  OF  OVEneUROEN  ^7.0^ 

B  DEPfM  ORILLEO  INTO  ROCK  J  /  Q  ,  ^  ^ 

%.  TOTAL  OEPTm  of  MOLE  /  '7.  ^ 


n  7  ,  ,  /  10.  site  AHO  TYPE  OF  BIT  >\5 

)  f  O  n  / <  -fi /\<^  i  ji  oAiuii  F6H  tLCvAfl6N  iiiowH  i\im  ^ 

\  S  ^ 

//>VA  Tj^MAMUFACTUReS^S  OESiOMAfiOM  OF  IiniLL 

V  fT  Ton) 

-.  , - . . . IJ.  tOIAt.  MO  or  OVFM.  '  {  C.I.CH 

HIIMUtM  SAMPLES  TAHtM  1  :  /J CM 


14.  TOTAL  MUMMER  COME  MUAfS  ,\J  O  l\  C 

15.  ELEVATION  CnOOMO  WAfFH  /i  >/^  /  «*=•  T 

..  CATE  ..OLE  yy^'^ni)  R  9q_  \^o  ‘f)?  'K<^o 

IT.  ELEVATIOM  TOP  OF  MOLE  ^  ^ 

to  TOTAL  cone  nEcovrnv  ron  oomimg 

is.  SIGMATlinC  O^NSPECIOM  ~  i~  . 

_ _ ( 


ELEVATION  DEPTH  LEGEND 


'3/^10 


CLASSIFICATION  or  MATERIALS 
(^•acrlpfiofU 


Casing  Ceol* 
Qvppacf 


y<?  y  P>ha  l,e, :  do r  A 

ijr ay  lo  ijroy 

"}  hr'-^y 

■syrafa  ,  mo-iily 
sof  i  /oodero/r ly 

soff  hu/  hc<^<->/»R3 
modi  roiely  Anrd  jd 
//W\y  ^^yrnia  h^diJRR/) 
liRpyh'R  oj)  d 

/o-'d^  rs//7 
yAroutjhoa't ,  f\  u n\ r o(/s 
pr/c'-ypod  /a  ts'//-S'  -v 

Iroio  ,/ry/Ay  af  ‘^7  t'c  J; 

/O!  uddr  «. 

d^ye^f  of'  A/.  6 ''  fo  ^ 

//Z.o'd^pdfy  ,  .'day  ''}i 

Sf>o/e  Af’  Jj 

///r\y  bed  ef  /O  d  ^ 

tyn^  I'MooJ  ,, 

J /)  yype’r  / / o/)  ,'edhin  o 

vT  f)  o  f  f  )  f  r  ey(/e^)  f  /y 

froryui  ed  one/  ^ 

joi/l/f’d  u/dA  oZ/cd-  ^ 

on 3/ c/or/  3urforoT  ^ 

yr/yr  r<7f)U'>\0t^. 

o/rafcA  he/ru)  A  A  P  v 

L’eni om  !  e  Atyrr 
(  'on'fainc’rl  A4/n  ^  ddok 
eyixy  ,  I  f  A y  .Tancl  oeorti-s 
nlnncj  de  nom  ly 

/icr  /  c:  on  I  ,'i  I  hc’ddiny 
/do DO  ' . 


NCMAMK<; 

(i^ltltllt0  !•••»,  •'•‘r'fl  r>f 

wmUt^tht^,  sir  .  II  ml/tnllh  ••>••> 


(//)!  !  C  ' 

U  n  '  t 

.illiJ\/iiil  i/f/sfJ/Va 
of  CDn\t  t^rnocy  Foe  io  A 

Kn  -■  Na\/arro  Shu/e^ 
f->r  e  Aomi  noiif  ly  c:Jny 
'jheilp  ,  7///y 

-■’tMliV  seon)s  ond 
hen-ion  'd  e  / o  ptcocs^ 
of  u-efiic  1^005  PerioA. 


I  O 


OA-  i 


cuassificatiom  or  uAteniAcs 


as  I  ng  IC.'fo  i 


90.  0  -  /<)(<.  0  :  l.  iny 
/:./»'/  ri  A/i/'/?,  /nndri  niely 
hard  /o  I'U.'drrtyie ly 
Soft  s/ r<nr'A  , 

Q  r  (ly  io  (yt >^y  . 


A’  A’/.  A  nunl''rnii:'> 
/f’ry  y'ori  /o-, •.//•>. 


I  / ! .  it  ~  ///.A  .  henivixiis. 

hihil/i  ,  i/nr  t uni)’< ,  x y  , 

■  y  ,  '  '  ^  nr  i"  ti  . 


DRIULING  LOG 


insiaI 

Totweh  •■  /7r^/V^  loF>y  surtu 


IMSIALLAIIOH  /)/)/Or)lO 


s.  name  of  bniLLER 

jOop  /»■ 

i^eny/p  h  <*/i 

«.  oinecrioN  or  mole 

r^^lvEAtlCAL  1  liNCVINCD 

T,  THICKNESS  OF  OVEROURDEN 

8.  OEPTR  DRILLED  INTO  ROCK 

//p.  S  ' 

T.  TOTAL  depth  of  MOLE 

/S  '/■  6"  ' 

10.  sue  AMO  Tvre  of  oif  -■’.•■,*• 

?irB*rujrF5ff‘ei:e9*Ti6fj  siios»ujr/jH  « ifi/.j — - 

/ns  /- 


12.  MANUrACTUR£R'S  DCSfCHAtlON  OF  DRILL 

NorfhvO^st  'Vo^/S  ^ i/S  7'on') 


I).  YorAL  NO.  or  OVF.n-  l  Utituii»*r.o  I  ftiunro 

RUnOCM  lAMPLCS  TAKCH  |  _ j  /^/o 

««.  TOTAL  NUMtIER  CORE  ROKFS  ^\/c^  /X!^^ 
tS.  ELEVATION  GROUND  WATER  f  t 

ST  ART  Co  icOMRl,?.  iro 

**  tp-  i 

IT.  ELEVATION  TOR  OF  MOLE  ^ 

IB.  TOTAL  CORE  RECOVERY  FOR  nORINC  A'r’/V^ 

l».  SICMATURE  OF~»MSPEClOR  i  ~^)  a  i  -7 

,  Nfv.,.  PL./iy/,iAu‘ 


elevation  depth  LEGENO 
O  be 


CLASSIFICATION  OF  MATERIALS 


leasing  Geol. 

Unit 


SM.  o 


REMARKS 
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APPENDIX  D 


EDWARD  CORDING  REPORT 
"INVESTIGATION  OF  CAUSE  OF  COLLAPSE 
TOP  HEADING  EXCAVATION" 


San  Antonio  River  Tunnel 
Investigation  of  Cause  of  Collapse 
Top  Heading  Excavation 

For 

U.  S.  Army  Corps  of  Engineers 
Ft.  Worth  District 


Prepared  by 
E.  J.  Cording 


April  30,  1991 


1 .  IntroductiOl'. 


Upon  the  request  of  the  Fort  Worth  District,  I  have  reviewed 
conditions  in  the  collapse  zone  of  the  top  heading  excavation, 
located  between  Ribs  25  and  49  of  the  downstream  section  of  the  top 
heading  driven  south  from  the  temporary  access  shaft  of  the  San 
Antonio  River  Tunnel.  A  summary  of  my  conclusions  regarding  the 
cause  of  the  collapse  is  presented. 

I  have  reviewed  daily  inspector  reports,  memos  and  reports  of 
inspection  by  consultants,  mapping  and  geologic  reports  by  the  COE 
geologist,  boring  logs,  photos  of  the  support  conditions  in  the 
tunnel,  and  the  Contractor's  presentation  on  the  conditions  in  the 
collapse  zone.  On  several  occasions,  I  have  inspected  geologic  and 
support  conditions  in  the  San  Antonio  River  Tunnel  shaft,  in  the 
TBM  tunnel,  and  in  the  top  heading  driven  from  the  temporary  access 
shaft. 


2.  Geologic  Conditions  in  Shaft  and  Tunnel. 

2 . 1  Cording  Observations 

I  first  became  involved  in  the  San  Antonio  River  Tunnel  in 
September,  1989,  when  movements  of  the  shaft  wall  were  occurring 
along  several  joints  that  intersected  the  wall  of  the  shaft  and 
along  which  movements  were  occurring.  I  observed  similar  joint 
patterns  in  the  transition  from  the  shaft  to  the  TBM  tunnel,  in  the 
TBM  excavated  tunnel,  and  in  the  top  heading  excavated  from  the  top 
heading  access  shaft.  The  joints  are  typically  high-angle  and  are 
often  slickensided. 

The  jointing,  coupled  with  the  weak  rock  strength,  has 
resulted  in  extensive  overbreak,  rock  falls,  and  ground  movement 
extending  above  the  crown  of  the  tunnel.  Fallouts  in  the 

transition  areas,  in  the  TBM  tunnel,  and  at  the  start  of  the  top 
heading  were  similar:  rock  failed  along  joints  that  were  often 
si ickensided,  and  along  associated  fracture  zones.  The  rock  broke 
as  much  as  40  ft  above  the  crown. 

The  similarity  of  the  geologic  conditions  and  the  behavior  of 
the  ground  throughout  the  MO  layer  in  the  San  Antonio  River  Tunnel 
is  confirmed  by  the  mapping  of  the  COE  geologist  and  by  my  own 
observations,  some  of  which  are  summarized  in  the  following 
paragraphs. 

Rock  conditions  observed  in  the  TBM  tunnel  during  my  December 
7,  1989  site  visit  were  summarized  in  my  10  December  1989  report  as 
follows: 
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"High  angle  joints  (typically  dipping  45  to  75  degrees 
are  present  which  are  part  of  the  same  system  of  joints 
observed  in  the  shaft,  particularly  the  East  wall.  The  strike 
of  several  of  the  joint  sets  is  within  30  degrees  of  the 
tunnel  axis,  thus  they  are  a  particular  concern  for  forming 
large  wedges  on  the  walls  and  in  the  crown.  Several  of  the 
chimneys  have  progressed  upward  and  outward  along  these  joint 
planes,  which  are  often  continuous  and  may  be  slickensided. 
Thin  silt  and  sand  bedding  plane  partings  allow  horizontal 
beams  or  plates  of  the  rock  to  separate  and  drop.  In  several 
cases,  curvilinear  compaction  slickensides  have  formed  the 
portions  of  the  surface  of  the  fallout  zone,  such  as  the  back 
(North  Wall)  of  the  fallout  zone  that  developed  just  beyond 
the  transition.  Finally,  the  strength  of  the  marl  (Clay 
Shale:  MO  horizon)  is  low  enough  and  the  overburden  stresses 
high  enough  to  induce  stress  fracturing  and  buckling 
instability  of  plates  (beams)  bounded  by  joints.  These 
features  combine  to  result  in  instability  and  progressive 
chimneying  of  large  volumes  of  rock  about  the  crown.  The 
failures  have  broken  up  and  away  from  the  tunnel  along  steeply 
dipping  joints  that  intersect  the  tunnel  near  springline." 

(During  this  meeting,  alternatives,  including  the  use  of  a  top 
heading  excavation  were  discussed  with  the  COE  and  Contractor.) 


2.2  Crutchfield  Observations 

Logging  of  shafts,  boreholes  and  fallout  zones  by  Roy 
Crutchfield,  COE  geologist,  has  shown  that  the  conditions  in  the  MO 
horizon  are  quite  similar  between  the  Outlet  Shaft  and  the  Top 
Heading  Access  Shaft. 

Hole  OH-2155  is  an  alignment  hole  that  was  drilled  with  a  24- 
in.  auger  at  Station  21+55,  at  the  location  of  Rib  49.  From  54.5 
to  123  ft  the  material  was  described  by  Crutchfield  (April  27,  90) 
as  follows: 

"Clay  Shale;  dark  gray  to  gray,  becomes  light  gray  in 
limy  zones,  mostly  soft  to  moderately  soft,  becoming 
moderately  hard  in  limy  zone  from  89.0'  to  104'  (el  543.7  to 
528.7)  ,  grayish  tan  silt  along  some  bedding  planes  from  70'  to 
89.0',  traces  of  fossils  throughout,  very  fossiliferous 
(pelecypods)  from  98.0'  to  101.0',  becomes  moderately  soft  to 
soft  below  104.0',  white  bentonite  layer  from  111.0  to  111.6' 
(el.  521.7  to  521.1),  clay  shale  below  bentonite  appeared  to 
be  frequently  fractured  with  occasional  slickensides,  some 
chunks  or  blocks  from  the  cuttings  had  numerous  closely  spaced 
fractures  within  1/2"  to  1"  apart,  these  blocks  rumbled 
easily  with  moderate  hand  pressure.  Silty  sand  seams  along 
bedding  planes.  Also,  some  green  glauconitic  sand  noted 
between  105'  and  120'  depths." 
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Crutchfield's  logging  of  the  Top  Heading  Access  Shaft  (Hole 
SA  8,  Sta.  23+62.9,  3-22-90  through  4-30-90)  Showed  similar 

conditions: 

Clay  Shale:  dark  gray  to  gray  with  light  gray  in  limy 
strata,  mostly  soft  to  moderately  soft  but  becomes  moderately 
hard  in  limy  strata  between  depths  of  90'  and  105',  trace  of 
fossils  throughout,  numerous  pelecypod  fossils  from  depths  of 
99'  to  101',  white  bentonite  layer  at  111.6'  to  112.0'  depth, 
clay  shale  below  the  limy  bed  at  105'  (from  visual  inspection 
within  shaft)  frequently  fractured  and  jointed  with 
slickensided  surfaces  quite  common.  The  strata  below  the 
bentonite  layer  contained  thin,  whitish  gray,  silty  sand  seams 
along  the  nearly  horizontal  bedding  planes. 

Crutchfield's  logging  of  the  fallouts  in  the  TBM  section  also 
revealed  the  same  conditions.  For  example  at  Sta  14+10  a  fallout 
extended  21  ft  above  the  tunnel  crown  to  the  limy  shale.  The 
description  on  2-7-90  was: 

« 

Elev  528:  limy  shale 

Elev  528  to  522:  Discontinuous  slickensides  above  Bentonite 
Elev  522:  Bentonite  Bed 

Elev  522  to  507:  Numerous  silty  sand  seams  with  jointing. 
Elev  507:  Top  of  TBM 

2.3  Summary  of  Observations  of  Geology 

As  is  evident  in  the  above  descriptions,  and  in  the  detailed 
maps  of  the  Outlet  Shaft  and  Transition,  the  Top  Heading  and  the 
Top  Heading  Access  Tunnel,  similar  conditions  are  found  throughout 
the  MO  horizon,  in  and  above  the  tunnel.  They  include  silty  sand 
seams  that  allow  separation  along  beds  and  high-angle,  slickensided 
joints  along  which  the  rock  blocks  slide  and  separate.  Also 
present  throughout  is  a  bentonite  layer  that  is  typically  located 
11  ft  above  the  crown  and  a  limy  shale  located  approximately  2  0  ft 
above  the  crown  where  many  of  the  fallouts  terminate. 


3.  Evaluation  of  Top  Heading  Method. 

I  made  recommendations  for  support  of  the  Top  Heading 
subsequent  to  my  site  visit  of  February  21,  1990: 

"The  use  of  timber  lagging  as  an  initial  support  between 
the  ribs  will  result  in  overbreak  and  the  necessity  of 
cribbing  the  overbreak  with  timber.  Such  support  allows  the 
ground  to  loosen  and  results  in  large  voids  behind  the  initial 
lining  that  will  require  grouting.  It  is  recommended  that  a 
continuous  support  of  shotcrete  and  steel  arches  be  installed 
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within  a  few  ft  of  the  advancing  face.  Such  a  procedure  will 
provide  more  positive  support  of  the  rock  surface  and  will 
minimize  fallout  and  overbreak  above  the  supports.  As  soon  as 
the  heading  is  excavated,  an  initial  layer  of  shotcrete  would 
be  applied  to  the  freshly  exposed  rock.  This  would  be 
followed  by  installation  of  the  steel  rib  (or  a  rebar  lattice 
girder  tied  to  the  rock)  followed  by  placement  of  sufficient 
shotcrete  to  block  between  the  rock  and  the  steel  rib,  or  to 
encase  the  rebar  lattice  girder,  before  the  face  has  advanced 
more  than  a  round  ahead  of  the  support.  Such  a  system  would 
require  that  an  efficient  shotcreting  operation  be  employed 
during  the  excavation  cycle,  on  all  shifts.  Additional 
shotcrete  could  be  placed  further  behind  the  face,  perhaps 
during  a  third  shift  devoted  to  shotcreting. 

Procedures  to  support  the  face  and  the  arch  ahead  of  the 
face  should  also  be  planned.  They  could  include  the  use  of 
reinforcing  bar  spiling  grouted  into  holes  angled  above  and 
ahead  of  the  face,  shotcreting  of  the  face  as  required, 
excavation  of  the  face  in  smaller  increments,  leaving  a  core 
in  the  center  of  the  face  and  placing  the  shotcrete-steel  rib 
arch  in  the  slot  cut  outside  of  the  core." 


4.  Excavation  and  Support  of  the  Top  Heading  prior  to  the  Collapse 

4.1  Peck  Observations  of  July  19,  1990. 

Dr.  R.  B.  Peck  observed  conditions  in  the  top  heading  on  July 
19,  1990,  during  the  excavation  for  Rib  36.  He  spent  two  hours 
observing  mining  and  shotcreting  in  the  downstream  top  heading.  He 
described  joint  conditions  and  rock  behavior  similar  to  that 
encountered  in  other  sections  of  the  San  Antonio  River  Tunnel: 

"Immediately  after  a  cut  was  taken,  the  face  appeared  to 
be  fairly  intact,  but  within  a  few  minutes,  raveling  and 
small-scale  scabbing  began  to  occur,  and  pieces  dropped  from 
the  face  disclosing  closely  jointed  and  slickensided  surfaces. 
As  the  pieces  fall,  they  were  moved  onto  the  apron  of  the 
roadheader.  Upward  migration  of  the  raveling  appeared  to  be 
limited  by  the  14-foot  spiling.  The  nominal  rib  spacing  was 
four  feet." 

"The  raveling  proceeded  slowly  enough  to  permit  continued 
excavation  with  the  roadheader  for  somewhat  more  than  two  feet 
beyond  the  last  rib.  At  this  stage  the  raveling  seemed  to  be 
accelerating,  whereupon  the  roadheader  was  pulled  back  and 
shotcrete  was  placed  on  the  face  and  in  the  crown  and  along 
the  side  wall  of  the  newly  excavated  portion.  It  io  my 
understanding  that  this  general  procedure  had  been  followed 
for  a  number  of  ribs,  that  each  rib  when  erected  was  blocked 
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against  the  shotcrete  with  timber,  and  that  timber  lagging  was 
inserted  intermittently  between  ribs.  Subsequently  shotcrete 
was  placed  around  the  blocking  and  through  the  lagging." 


Peck  noted  his  concern  for  the  use  of  timber  lagging  and 
ungrouted  spiling: 

"In  our  discussion  I  suggested  that  it  would  be 
desirable,  if  possible,  to  eliminate  the  timber  lagging  and 
blocking,  or  at  least  to  reduce  it  substantially,  and  to  use 
shotcrete  for  blocking  the  ribs.  The  current  procedure 
overexcavates  considerably,  not  only  at  the  location  of  the 
new  rib,  but  around  the  periphery  of  the  tunnel  forward  of  the 
preceding  rib.  Much  of  this  overexcavation  appears  to  be  for 
the  purpose  of  installing  the  lagging  once  the  rib  is  in 
place.  It  should  be  possible  to  trim  beyond  the  last  rib  to 
a  line  not  much  farther  back  than  the  inside  flange  of  the 
rib,  and  to  enlarge  the  excavation  slightly  at  the  location  of 
the  future  rib.  The  trimmed  surface  would,  of  course,  be 
shotcreted  in  increments  as  excavation  proceeds.  When  the  rib 
is  erected,  there  would  be  comparatively  less  space  between  it 
and  the  initial  shotcrete,  and  this  space  could  quite  readily 
be  filled  with  shotcrete  that  would  serve  as  blocking.  This 
procedure  would  have  the  highly  desirable  effect  of 
eliminating  timber,  which  is  not  only  subject  to  deterioration 
but  which  obstructs  final  shotcreting  in  the  spaces  behind  the 
lagging.  Grouting  requirements  would  be  substantially  reduced 
for  the  permanent  structure." 

"A  second  suggestion  that  could  potentially  reduce  the 
rate  and  amount  of  ravelling  is  to  grout  the  spiling  in  the 
pre-drilled  holes.  Spiling  is  notoriously  inefficient  in 
bending.  It  provides  its  most  beneficial  effects  by 
furnishing  tensile  resistance  developed  as  a  result  of  the 
bond  due  to  friction  and  adhesion  between  the  rock  and  the 
spiling.  This  bond  can  be  achieved  only  if  the  spiling  is 
grouted  in  place,  for  example  by  means  of  resin  grout.  The 
effect  of  the  spiling  is  then  to  keep  the  slickensided 
fissures  known  to  exist  in  the  material  near  the  crown  from 
separating  as  the  tunnel  advances.  This  should  improve  the 
stand-up  time  and  permit  better  progress,  in  addition  to 
enhancing  safety." 

4.2  Summary  Description  of  Conditions  in  the  Top  Heading. 

Photos  and  descriptions  of  the  condition  of  the  top  heading 
prior  to  the  collapse  show  that  the  steel  ribs  were  blocked  to  the 
rock  with  timber  lagging  and  that  spiling  installed  in  drilled 
holes  over  the  ribs  was  not  grouted.  Although  an  initial  layer  of 
shotcrete  was  placed  against  the  rock  surface  in  some  cases,  and 
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additional  shotcrete  was  sprayed  on  the  ribs  and  lagging,  the 
sliotcrete  was  not  continuous  enough  or  thick  enough  to  either 
provide  a  stiff  blocking  between  rock  and  steel  rib,  or  to  act  as 
a  structural  arch  and  carry  a  significant  part  of  the  rock  load. 

Photos  and  daily  reports  show  that  in  some  cases,  a  thin 
initial  shotcrete  layer  was  placed  on  the  newly  excavated  perimeter 
and  on  the  face.  In  other  cases,  the  steel  rib  was  erected  first. 
In  all  cases,  the  steel  rib  was  blocked  to  the  rock  (or  against  the 
thin  shotcrete  layer  on  the  rock  surface)  with  lagging  boards. 

Steel  ribs  were  blocked  with  2.5-  by  6-in.  oak  lagging  boards, 
usually  placed  several  ft  apart,  longitudinally  between  steel  ribs, 
and  then  blocked  to  the  rock  with  additional  2.5-in.  by  6-in.  oak 
lagging  boards  and  wedges.  Boards  in  the  second  layer,  transverse 
to  the  tunnel,  frequently  spanned  between  the  longitudinal  boards 
at  a  point  halfway  between  the  two  ribs,  rather  than  being  placed 
under  the  ribs. 

Additional  shotcrete  was  placed  against  the  lagging  and  the 
steel  ribs  after  they  were  installed.  Photos  of  ribs  located  near 
the  face  typically  show  that  the  ribs  and  lagg.’ng  were  visible, 
with  only  a  thin  coating  of  shotcrete  on  their  surface. 

Photos  of  shotcreting  in  the  heading  show  the  shotcrete  being 
sprayed  toward  the  crown  of  the  tunnel  by  a  man  on  the  floor  of  the 
top  heading;  a  condition,  according  to  inspectors  and  engineers, 
that  was  typical  for  the  placement  of  shotcrete  prior  to  the 
collapse.  Inspector's  report  for  August  8,  1990,  more  than  a  week 
after  the  collapse,  notes  that  the  inspector  talked  to  the  shifter, 
before  the  crew  started  shotcreting,  "about  the  nozzleman  not  using 
so  much  air  pressure  and  possibly  using  the  935  bucket  to  work 
from.  Now  at  0855  they  have  been  doing  this  and  it  appears  to  me 
they  are  having  a  lot  less  fallout  and  the  men  aren't  killing 
themselves  fighting  the  nozzle."  I  understand  that,  in  order  to 
control  the  nozzle,  the  nozzleman  would  sometimes  sit  on  the  hose 
in  the  bottom  of  the  heading  to  shoot  the  arch.  Shooting  shotcrete 
either  standing  or  sitting  on  the  floor  places  the  nozzle  too  far 
from  the  rock  surface  and  makes  even  more  difficult  the  filling  of 
voids  behind  and  between  the  lagging  and  blocking. 

The  photos  taken  on  the  morning  of  July  30,  1990,  just  prior 
to  the  failure,  show  that  a  thin  coating  of  shotcrete  was  present 
on  the  ribs  and  lagging  near  the  face.  For  the  seven  ribs  nearest 
the  face,  the  shape  of  the  lagging  and  ribs  were  visible  through 
the  thin  cover  of  shotcrete.  The  ends  of  some  of  the  pipe 
spiling,  located  above  the  ribs,  was  also  visible. 

In  the  vicinity  of  Ribs  30  to  40,  on  the  day  of  the  failure, 
although  the  shotcrete  in  the  crown  was  locally  thick  enough  to 
fill  in  some  of  the  space  between  the  steel  ribs,  it  did  not  appear 


continuous.  It  was  quite  irregular,  and  had  a  pillowy  appearance, 
as  a  result  of  it  collecting  on  the  bottom  of  the  lagging  boards. 
On  the  sides  of  the  arch  in  the  vicinity  of  Ribs  30  to  40,  the 
shotcrete  was  not  as  thick  as  in  the  crown,  and  timber  lagging  and 
ribs  were  quite  visible. 


5.  Collapse  of  the  Top  Heading. 

The  Collapse  of  the  Top  Heading  was  described  in  the  following 

references : 

5.1  Crutchfield  Reports 

Geotechnical  Progress  Summary,  Report  No.  30, 

San  Antonio  Tunnels,  Contract  No.  DACW63-87-C-0109 ,  Portion, 
Para  7: 

"On  July  30,  the  top  heading  excavation  for  the  San 
Antonio  River  Tunnel  collapsed  with  total  failure  of  the  8- 
inch  steel  ribs  between  Rib  #35  and  Rib  #49  at  the  face. 
Resident  Engineer  Keith  Allen  was  in  the  top  heading  before 
the  collapse.  He  noticed  cracks  developing  in  the  shotcrete 
support,  chunks  of  shotcrete  falling  from  the  crown  at  a 
steadily  increasing  rate,  and  finally  bits  of  rock  falling 
from  behind  the  shotcrete.  He  had  the  tunnel  supervisor  stop 
all  work  and  remove  the  workers  from  the  face  area  just  before 
the  crown  shotcrete  started  crumbling  and  falling  on  a  large 
scale.  Within  a  few  minutes  the  ribs  began  to  fail  and 
depress  inward  from  the  crown." 

QA  Daily  Report,  Roy  Crutchfield,  July  30,  1990: 

"Went  with  Keith  Allen  and  Lewis  Herring  into  SART  Top 
Heading.  We  noted  shotcrete  was  extensively  cracked  from  Rib 
#30  to  Rib  #49  where  crew  was  drilling  spilings  for  next 
excavation.  Chunks  of  shotcrete  were  falling  periodically  as 
well  as  crumbling  shotcrete  and  some  shale  was  coming  in. 
Keith  Allen  perceived  that  the  ground  was  working  and  the 
support  was  beginning  to  fail.  Keith  told  the  Supt.  Jim  to 
remove  the  men  from  working  at  the  face.  Jim  and  Al  and  Keith 
motioned  and  yelled  to  the  crew  at  the  drill  jumbo  to  get  out 
and  they  came  running  back  to  about  Rib  #25  just  in  time.  The 
shotcrete  began  to  fall  like  rain  from  Rib  #30  to  #49  which 
subsided  as  these  Ribs  failed.  A  large  crack  formed  in  the 
shotcrete  at  crown  centerline  and  the  ribs  bent  or  squatted 
down  about  10  or  12  ft  trapping  the  drill  jumbo  at  the  face." 
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5.2  December  21,  1990,  Contractor  to  COE: 

The  Contractor  acknowledged  that  ribs  near  the  heading  were 
not  fully  shotcreted  prior  to  the  collapse,  and  described  the 
failure  as  follows: 

Page  3 : 


"In  order  to  satisfy  the  Government,  as  well  as  to 
advance  the  work  as  fast  as  feasibly  possible,  the  shotcrete 
was  purposely  delayed  until  a  time  when  it  could  be  applied  in 
a  more  continuous  and  productive  operation.  For  a  double,  ten 
hour  per  shift,  day,  the  rate  of  advance  at  the  heading  got  to 
as  high  as  three  cycles,  or  12',  with  a  two  cycle  advance 
being  more  frequently  attained.  The  application  of  shotcrete 
was  deferred  until  a  later  time  and  the  time  required  for  this 
operation  would  need  to  be  included  in  the  daily  rate  of 
production  to  show  the  true  average  advance  rate." 

"This  was  the  situation,  with  the  shotcrete  lagging  (ed: 
'delayed  behind')  the  excavation,  when  on  July  30,  1990,  a 
Monday  morning,  the  top  heading  structure,  from  approximately 
rib  number  24  to  the  heading  face  went  into  uniform  and 
progressive  failure.  From  eye  witness  reports,  the  failure 
initiated  back  from  the  face  and  subsequent  re-mining  in  the 
collapsed  area  confirmed  the  reports," 

Pages  8  -  10: 

"a.  The  heading  advanced  from  rib  number  39  through  rib 
number  49  during  the  week  of  July  23,  1990.  On  Saturday,  July 
28,  shotcrete  was  applied  to  previously  installed  rib  support 
structure,  ending  in  the  vicinity  of  rib  number  39." 

"b.  The  day  shift  crew  started  work  Monday,  July  30,  by 
mucking  the  ribs  with  the  ST-6  mucking  loader.  Drilling  for 
spiling,  using  the  drill  jumbo  started  around  8  AM  and 
continued  until  the  time  of  the  collapse,  shortly  after  9  AM." 


"c.  The  collapse  started  in  the  vicinity  of  Ribs  45,  46, 
according  to  eye-witness  observations  and  progressed  rather 
uniformly  upstream.  Shotcrete  spalled  from  the  rib  support 
structure  and  the  entire  structure  appeared  to  be  sinking  v/ith 
the  center  distorting  or  bowing  toward  the  invert.  Crews  were 
pulled  out  of  the  fallout  zone  and  steps  were  taken  to  till 
the  rapidly  closing  top  heading  void  with  sand.  In  addition 
vertical  steel  posts  were  erected  at  what  was  eventually  rib 
number  24.  Where  possible,  muck  was  crammed  under  the  sinking 
rib  support  structure.  The  failure  eventually  stopped 
progressing  toward  the  shaft,  ending  the  immediate  danger." 


"k.  During  the  grouting  operations  an  attempt  was  made 
to  explore  the  crown.  On  August  2  and  3,  six  (6)  holes  were 
drilled  essentially  vertically  at  various  locations  between 
rib  #17  and  rib  #28.  A  void  of  around  one  foot  (1')  was 
encountered  at  a  height  of  approximately  16'  above  the  crown 
in  four  (4)  of  the  six  (6)  holes.  One  hole  was  terminated 
well  short  of  the  16'  depth  and  the  other  hole  was  drilled  to 
35'  without  encountering  a  recognized  void." 


Page  11: 


"a.  There  was  no  obvious  indication  of  "rubble"  on  the 
underside  of  (below)  the  steel  ribs." 

"e.  The  condition  of  the  ground  being  re-mined,  as  seen 
from  each  rib  station  was  very  consistent.  In  general, 
layering  or  bedding  planes,  which  overlaid  the  original  crown 
support  structure  remained  amazingly  intact.  The  separate 
beds  could  easily  be  seen  in  spite  of  the  fact  that  the 
ground,  or  layers  were  contorted  into  either  a  trough  or  vee 
configuration  accompanied  by  a  high  degree  of  fracturing 
within  individual  layers." 


5.3  Summary  Description  of  Collapse 

I  have  prepared  the  following  summary  of  the  collapse  based  on 
my  review  of  available  information. 

The  collapse  began  behind  the  face  in  the  vicinity  of  Ribs  45 
and  46.  Evidence  of  impending  failure  was  the  flaking,  raining  and 
fall  of  shotcrete  in  thin  slabs  from  the  steel  ribs  and  lagging. 
Lagging  deflected.  (Deflection  of  lagging  and  minor  spalling  of 
shotcrete  had  been  observed  in  days  prior  to  the  failure) .  Chunks 
of  shotcrete  and  rock  fell  from  between  the  ribs  as  the  failure 
progressed.  As  the  crown  deflected  downward,  the  bottom  of  the 
crown  joint  of  the  ribs  opened,  usually  by  fracture  between  one  of 
the  butt  plates  and  the  wide-flange  portion  of  the  rib.  Such 
joints  are  not  designed  as  full  moment  connections  and  their 
opening  and  fracture  do  not  indicate  inadequate  bending  capacity  of 
the  joint,  but  rather  indicate  that  the  base  and  sides  of  the  steel 
ribs  did  not  providing  adequate  reactions  to  allow  the  ribs  to  act 
as  an  arch. 

Ribs  42  through  46  collapsed  almost  completely  to  the  invert 
and  were  the  most  heavily  distorted. 

Some  of  the  rib  sections,  away  from  the  area  of  complete 
collapse  to  the  invert,  retained  a  curvature  close  to  that  of  the 
original  rib,  and  had  not  buckled.  Often  the  ribs  were  twisted,  in 
response  to  the  tendency  of  the  ribs  to  move  out  of  plane,  either 
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upstream  or  downstream,  away  from  the  center  of  the  settlement 
zone.  The  Contractor  reported  measurements  of  the  position  of  Ribs 
35  and  40  after  the  collapse  (Contractor  Exhibits  R  and  S) .  The 
tunnel  did  not  completely  collapse  at  these  sections;  the  ribs 
dropped  6.11  and  10.3  ft,  respectively,  in  the  crown,  and  the  base 
of  the  ribs  were  reported  to  have  dropped  3.29  to  5.9  ft.  My  own 
measurement  of  the  curvature  of  the  two  sections  of  rib  marked  35 
in  the  yard,  after  the  collapse,  revealed  that  they  had  a  rise 
close  to  that  of  the  original  rib  and  had  not  undergone  severe 
buckling  distortions. 

Ribs  48  and  49,  nearest  the  face  of  the  tunnel,  were  protected 
from  complete  collapse  by  the  face,  which  prevented  the  rock  load 
from  forcing  the  ribs  to  the  invert. 

The  ribs  deflected  downward  in  the  crown,  but  were  subject  to 
smaller  settlements  at  the  sides  of  the  arch.  Thus,  the  rock  above 
the  crown  sagged  over  the  crown  and  was  contorted  into  a  troughlike 
configuration  in  the  vicinity  of  Ribs  35  to  43  and  into  a  sharper 
vee  in  the  vicinity  of  Ribs  44  through  46,  at  the  location  of  the 
maximum  subsidence.  At  this  location,  the  bentonite  layer,  which 
had  been  11  ft  above  the  crown,  dropped  approximately  halfway  to 
the  invert,  a  total  vertical  displacement  approximately  equal  to 
the  height  of  the  tunnel.  In  order  for  the  layers  to  bend  and 
assume  the  trough  or  vee  configuration,  slip  along  bedding 
weaknesses  between  individual  layers  was  necessary,  and  fracturing 
and  contortion  within  the  layers  had  to  occur.  The  distortion  and 
fracturing  of  the  layers  would  have  progressed  upward,  with  the 
higher  layers  displacing  and  sagging  downward  onto  the  lower  layers 
that  were  sagging.  Thus,  the  rock  in  the  collapse  zone  did  not 
settle  as  a  single  intact  block.  Because  the  lower  layers  were 
progressively  let  down  by  the  failing  ribs,  the  subsiding  mass  did 
not  fall  apart  and  collapse  into  a  rubble  pile  at  the  base  of  the 
tunnel.  Thus,  the  mass  of  rock  in  the  failed  zone  did  not  have  the 
appearance  of  a  jumble  of  loose  rock  as  occurred  in  the  fallouts 
ahead  of  the  face  where  blocks  of  rock  were  free  to  fall  to  the 
invert.  The  difference  in  the  behavior  in  the  rib  collapse  zone 
and  the  earlier  fallouts  is  not  a  result  of  different  ground 
conditions,  but  of  a  different  support  geometry. 

Mapping  by  Crutchfield  in  the  tunnel  headings  in  the  vicinity 
of  Ribs  25  -  49  prior  to  the  collapse  shows  several  joints  that  dip 
steeply  in  the  direction  of  the  downstream  tunnel  drive.  These 
joints  are  oriented  so  that  they  would  allow  rock  to  loosen  above 
the  crown  rather  than  cause  fallouts  ahead  of  the  face. 

The  collapsing  rock  left  voids  1  to  18  ft  high  extending  up  to 
15  to  25  ft  above  the  original  tunnel  crown.  The  largest  voids 
were  in  the  more  completely  collapsed  zone. 

Three  borings  drilled  from  the  surface  intercepted  voids  at 
the  following  locations: 
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Boring 

1 

2 

3 


Distance 

Rib 

Location 

Top  void 

34 

&  35 

25.3  ft 

42 

&  43 

24  ft 

48 

&  49 

18  ft 

above  original  crown 
Bottom  void 
22.3  ft 
14.5  ft  . 

0  ft 


Approximately  400  cu  yd  of  material,  mostly  shotcrete  mix,  was 
placed  into  the  void  through  these  holes. 


At  the  downstream  end  of  the  collapse  zone  (Ribs  48  and  49) 
the  void  was  18  ft  high  and  extended  upward  from  the  top  of  the 
original  rib.  This  height  was  close  to  the  height  of  the  tunnel, 
indicating  that  the  original  tunnel  volume  was  filled  with  the 
fallout  material. 


At  Ribs  42  and  43,  near  the  front  of  the  collapsed  drill 
jumbo,  the  fallout  extended  24  ft  above  the  crown,  and  dropped 
approximately  10  ft,  indicating  that  some  of  the  tunnel  volume  was 
not  completely  filled  at  this  location. 

At  Ribs  34  and  35,  the  failure  extended  25.3  ft  above  the 
original  crown,  and  the  crown  of  Rib  35  dropped  6.11  ft,  according 
to  Contractor  Exhibit  R,  and  the  void  was  opened  3  ft  in  the  crown. 


Between  Ribs  17  and  28,  at  and  outside  the  upstream  edge  of 
the  collapse  zone,  the  Contractor  reported  that  4  drill  holes  from 
the  tunnel  encountered  a  1-ft  void  at  a  distance  of  16  ft  above  the 
crown,  whereas  1  boring,  drilled  35  ft  above  the  tunnel  encountered 
no  voids.  The  presence  of  voids  in  this  section  indicates  that 
even  though  rib  collapse  did  not  occur,  the  support  procedures 
allowed  large  volumes  of  rock  to  loosen  above  the  crown. 

Inspector's  reports  (August  2  through  7)  of  drilling  of  grout 
holes  upward  from  the  tunnel  also  indicated  the  presence  of  voids: 

Rib  17-18:  16  ft  concrete,  3  ft  of  grout  shale  mix,  and  solid 

shale  at  19  ft. 

Rib  19-20:  Right  side,  2  ft  void  at  15  ft 

Rib  21-22:  No  voids,  25  ft  drilled. 

Rib  29-30:  some  voids  at  30  ft. 

Rib  29-30,  right  side:  18  ft  some  voids. 
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Rib  32-33:  20  ft  up  hit  concrete,  24  ft:  grout  and  shale  mix 
25  ft:  5  ft  grout,  grout  and  shale  to  36  ft,  then  shale, 
(Note:  the  concrete  was  probably  the  material  that  had  been 
placed  through  Holes  1-3  from  the  ground  surface  on  July  31 
and  August  1 . ) 

Rib  33-34:  hit  grout  and  shotcrete  at  20  ft,  then  rubble  and 
a  12  in.  void,  then  to  50  ft  in  shale. 


6.  Evaluation  of  Rock  Load  and  Rib  Capacity 

Contractor's  report  of  December  21,  1990  notes  that  the  ribs 
were  designed  for  a  load  of  5  ksf  (radially  applied) .  The  collapse 
zone  extended  approximately  25  ft  above  the  crown.  Rock  loads,  for 
a  full  column  of  this  height  would  be  approximately  3  ksf, 
significantly  less  than  the  design  load. 

Although  the  ribs  have  sufficient  thrust  capacity  to  support 
the  rock  loads  if  they  are  firmly  and  continuously  blocked  to  the 
rock,  bending  failures  will  occur  if  the  blocking  is  not  stiff  and 
continuous  enough  to  minimize  deflection  of  the  rib.  Failure  of  w 
8x4  0  ribs  blocked  with  lagging  boards  will  occur  at  well  below  the 
design  load. 


The  bearing  capacity  of  the  foundation  for  the  ribs  was  also 
low.  Unconfined  compressive  strengths  determined  for  the  MO  layer 
were  typically  in  the  range  of  12  to  30  tsf.  Even  lower  strengths 
were  obtained  in  closely  fractured  zones. 


The  bearing  capacity,  Q.,  of  a  base  plate  of  area.  A,  =  i  sf 
acting  on  a  planar  surface  of  a  material  having  an  undrained  shear 
strength,  s  ,  of  12  to  20  ksf,  is  estimated  as 


Qd  “  ®  ®u  A  "72  k  to  120  k. 

The  ribs  in  the  collapse  zone  were  setting  on  a  bench  several 
ft  wide  and  2.5  ft  above  the  invert.  The  presence  of  the  bench 
reduces  the  bearing  capacity  from  the  bearing  capacity  of  a  plate 
on  a  planar  surface.  Further  reduction  in  bearing  capacity  will 
result  from  disturbance  of  the  material  beneath  the  plate  and  from 
lateral  relief  and  loosening  caused  by  excavation  adjacent  to  and 
below  the  bench  supporting  the  rib. 


A  rock  load  of  3  ksf  over  the  full  width  of  the  tunnel  would 
produce  a  rib  thrust  of  180  kips,  well  in  excess  of  the  bearing 
capacity. 


In  summary,  the  construction  method  produced  a  soft 
compressible  blocking  for  the  ribs  that  allowed  initial  deflection 
and  loosening  of  the  rock  around  the  tunnel  perimeter.  The 
ungrouted  spiling  also  allowed  the  loosening  to  develop  ahead  of 


the  face  and  over  the  crown  of  the  tunnel .  The  presence  of 
continuous  joints  and  thin  silty  to  sandy  bedding  plane  partings 
above  the  crown  allowed  the  rock  to  progressively  loosen  and  load 
the  steel  rib  support. 

The  loads  that  developed  on  the  steel  ribs  were  then  able  to 
cause  the  rib  to  fail  because  of  inadequate  bending  capacity  for 
the  ribs  and  bearing  capacity  of  the  foundation.  Downward 
deflection  of  the  crown  was  facilitated  by  the  compressible  timber 
lagging  behind  the  ribs  that  requires  the  rib  to  deflect  laterally 
before  a  reaction  is  developed,  and  by  the  penetration  of  the  ribs 
into  the  base.  There  was  no  continuous  support  in  the  side  arch  to 
provide  normal  stiffness  that  would  minimize  outward  deflection  of 
the  ribs,  or  to  provide  shear  stiffness  that  would  transfer  thrust 
into  the  rock  before  it  reached  the  foundation.  Further,  the 
shotcrete  support  was  not  continuous  enough  at  the  base  to 
distribute  the  footing  loads  along  a  strip  rather  than  to 
concentrate  the  loads  beneath  the  foot  plates  of  the  individual 
ribs. 


The  use  of  shotcrete  of  adequate  thickness,  in  contact  with 
the  rock  and  blocked  to  the  ribs  would  have  minimized  the  initial 
loosening  that  allowed  the  rock  loads  to  develop.  Blocking  of  the 
rock  to  the  rib  with  shotcrete  would  have  also  increased  both 
normal  and  shear  stiffnesses  acting  on  the  steel  ribs  thus  reducing 
bending  stresses  and  the  thrust  transmitted  to  the  footings. 
Filling  of  shotcrete  around  and  between  the  ribs  would  have  allowed 
the  shotcrete  to  become  a  part  of  the  structural  support  and  carry 
a  major  portion  of  the  moments  and  thrusts;  it  would  also  have 
increased  the  bearing  area  at  the  base  of  the  arch.  These 
conditions  would  have  allowed  the  ribs  to  remain  stable  even  if 
rock  loads  had  developed. 


7 .  Water  in  the  Collapse  Zone 

Up  to  a  foot  of  water  was  observed  in  the  tunnel  invert, 
between  Ribs  24  and  31  on  August  1  and  2.  1990.  Water  inflows  were 
largely  stopped  on  August  3.  Contractor  indicates  the  possibility 
that  the  water  was  derived  from  seams  above  the  tunnel.  The  water 
was  observed  the  day  after  Holes  1  and  2  were  drilled  into  the 
collapse  void  from  the  ground  surface.  Observation  of  water  levels 
in  Holes  1  and  2  indicated  that  the  water  level  on  the  afternoon  of 
August  1  was  at  elevation  534,  at  the  top  of  the  void  zone  in  Hole 
2.  Crutchfield,  in  his  memo  of  August  14,  1990,  considers  several 
alternatives  for  the  source  of  the  water.  It  is  quite  possible 
that  the  water  was  derived  from  shallow  depth,  perhaps  from  the 
shallow  gravel-clay  alluvium,  and  the  drilling  of  the  holes 
allowed  it  to  flow  down  into  the  voids. 


If  water  had  been  present  on  the  bentonite  seam  or  other  seams 
in  the  clay  shale,  sufficient  water  could  not  have  been  transmitted 
through  the  seam  to  drive  the  rock  into  the  opening.  Postulating 
water  in  the  bentonite  layer  or  other  seams  in  the  shale  is  not 
necessary  for  failure  to  initiate  and  is  not  sufficient  for  failure 
to  propagate. 


8.  Conclusions  Regarding  Collapse 

8.1.  Is  there  a  new  differing  site  condition? 

Stratigraphy,  jointing,  and  i  -adding  seams  in  the  MO  layer  are 
similar  in  the  collapse  area  to  the  conditions  observed  in  the 
outlet  shaft,  the  TBM  tunnel,  and  other  sections  of  the  top 
heading.  The  conditions  in  the  collapse  area  do  not  differ  from 
those  in  other  portions  of  the  MO  layer. 

8.2.  Did  the  rock  perform  differently  in  the  top  heading  than  in 
the  area  of  the  outlet  shaft  and  TBM  mined  section? 

The  presence  of  slickensided  joints,  along  with  sandy  silt 
seams  on  bedding  and  the  low  strength  of  the  rock  resulted  in 
movements  on  the  wall  of  the  outlet  shaft  that  required  additional 
support  and  has  resulted  in  the  fallouts  ahead  of  the  TBM  and  in 
front  of  the  top  heading  excavation.  The  same  rock  conditions  also 
led  to  collapse  of  the  downstream  top  heading  between  Ribs  24  and 
49. 

Rock  fallout  ahead  of  the  face  developed  in  several  sections 
of  the  top  heading  excavation.  The  failure  was  along  joints, 
usually  with  slickensided  surfaces,  and  broke  up  along  thin  seams 
of  silty  sand.  The  closest  of  these  failures  to  the  Rib  24  to  49 
collapse  zone  was  at  downstream  Rib  8.  The  failures  ahead  of  the 
face  in  the  top  heading  excavation  were  quite  similar  to  those  that 
developed  in  the  face  of  the  TBM  tunnel. 

In  the  collapse  zone  between  Ribs  24  and  49,  the  failure  was 
over  the  support  rather  than  ahead  of  the  face.  Many  of  the  joints 
in  the  failed  section  dip  in  the  direction  of  the  tunnel  drive  so 
that  they  caused  loosening  and  collapse  above  the  crown  and  behind 
the  face  rather  than  ahead  of  the  face.  The  low  strength  of  the 
shale  has  contributed  to  the  fallouts  in  the  tunnel  and  rock 
movements  in  the  shaft.  The  low  strength  of  the  material  also 
contributed  to  the  collapse  above  the  crown  at  Ribs  24  to  49  and 
the  penetration  of  the  ribs  into  the  foundation.  Geologic 
conditions  that  led  to  large  fallouts  ahead  of  the  face  in  the  TBM 
and  top  heading  excavations  are  the  same  as  those  that  led  to  large 
loads  above  the  crown  and  collapse  at  Ribs  24  to  49,  even  though 
the  geometry  of  the  failure  differs. 
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8.3.  Did  construction  procedures  affect  the  collapse? 

Construction  procedures  had  a  direct  influence  on  the  collapse 
of  the  top  heading.  The  timber  lagging  and  ungrouted  pipe  spiles 
permitted  loosening  of  the  clay  shale  in  the  face  and  over  the 
steel  ribs.  The  low  stiffness  of  the  lagging  allowed  downward 
deflection  in  the  crown,  and  did  not  provide  enough  stiffness  to 
limit  bending  in  the  side  arch.  The  shotcretc  that  was  placed  did 
not  block  the  steel  ribs  to  the  rock  and  was  not  continuous  enough 
to  act  as  a  structural  lining.  The  initial  shotcrete  placed 
against  the  surface  of  the  rock  would  have  to  crack  and  fail  before 
significant  load  could  be  transmitted  to  the  steel  ribs.  Once  the 
steel  ribs  and  lagging  began  to  deflect,  the  shotcrete  placed  over 
the  ribs  and  lagging  would  spall  off.  I  observed  a  similar  failure 
on  another  project  in  which  timber  and  steel  ribs  were  used  with 
some  shotcrete.  The  difficulty  in  filling  shotcrete  in  around 
timber  cribbing  was  apparent  in  that  case.  The  shotcrete  placement 
techniques  used  in  the  top  heading  of  the  San  Antonio  River  Tunnel 
prior  to  the  failure  made  it  even  more  difficult  to  fill  the  voids 
behind  the  lagging  and  ribs. 

Present  procedures  for  placing  shotcrete,  in  which  a  robot  is 
used  close  to  the  rock  surface,  provide  much  more  efficiency  and 
quality  in  the  placement  of  the  shotcrete.  The  shotcrete  blocks 
the  rib  to  the  rock  at  the  first  rib.  Behind  tne  second  rib,  a 
full  structural  section  of  the  shotcrete  is  placed. 


8.4.  What  was  the  cause  of  top  heading  collapse? 

The  geologic  conditions  that  led  to  the  collapse  were  the  low 
strength  of  the  rock  in  combination  with  the  presence  of 
slickensided  joints  and  fracture  zones  and  the  silty  sand  bedding 
seams.  These  features  have  been  observed  throughout  shafting  and 
tunneling  in  the  MO  layer  and  have  resulted  in  a  series  of  failures 
in  the  outlet  shaft,  the  TBM  tunnel  and  the  top  heading. 

Collapse  of  the  top  heading  occurred  because  the  support 
system  installed  allowed  loosening  of  the  rock  and  did  not  have  the 
stiffness  or  capacity  to  carry  the  loosened  loads  and  prevent 
bending  failure  of  the  ribs  and  bearing  failure  of  the  rib 
foundation. 
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